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CHLORTETRACYCLINE AND OXYTETRACYCLINE AT HIGH 
LEVELS IN A PROTEIN SUPPLEMENT FOR GROWING- 
FINISHING SWINE 


J. H. Conrap AND W. M. BEEson 


Purdue University Agricultural Experiment Station * 


oe supplements are the primary mode of introducing antibiotics 
in swine rations; but, the majority of antibiotic research has been con- 
cerned with levels and sources in a complete ration. Furthermore, the 
levels of antibiotics currently being fed (25 to 50 gm. per ton of protein 
supplement) do not result in the dramatic increase in gains that were 
obtained earlier (Braude e¢ al. 1953). 

The purpose of the research reported in this paper was to study the 
effects of chlortetracycline and oxytetracycline at five levels in a protein 
supplement fed free-choice to growing-finishing swine. 


Experimental Procedure 


One hundred and forty-four Duroc weanling pigs were allotted to 12 
lots of 12 pigs each on the basis of age, sex, liveweight and general appear- 
ance. All pigs were healthy and showed no disease complications either 
during the suckling period or during the course of the study. They were 
farrowed on concrete but placed on rye pasture at 7 days of age. All pigs 
received a ration containing 40 gm. of chlortetracycline per ton from the 
time they were two weeks of age until they were started on experiment. 
Six lots were fed on concrete and six lots were fed on alfalfa-ladino clover 
pasture. All 12 lots were fed shelled corn and Purdue Supplement 2 (table 
1) free choice. Each lot on concrete was confined to a pen 30 ft. by 40 ft., 
and each lot on pasture had access to 1 acre of alfalfa-ladino clover. Houses, 
feeders and waterers of similar design were used throughout the 12 lots. 
Individual weights and group feed consumption were recorded biweekly. 

Experimental treatments were as follows: On concrete, chlortetracycline 
was added at levels of 0, 50, 100, 150, 200 and 250 gm. per ton of Purdue 
Supplement 2; on pasture, oxytetracycline was added at levels of 0, SO, 
100, 150, 200 and 250 gm. per ton of Purdue Supplement 2. Gain data 
were treated statistically by analysis of variance as outlined by Snedecor 
(1956). 


1 The authors express their sincere appreciation to the American Cyanamid Co., Pearl River, 3 Wa 
and to the Chas. Pfizer and Co., Brooklyn, N. Y. for grants in partial support of this project and 


for the antibiotics used in this investigation. ne 
2 Contribution from the Department of Animal Science, Journal Paper No. 1422, Purdue Uni- 


versity, Lafayette, Indiana. 
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TABLE 1. PERCENTAGE COMPOSITION OF PROTEIN SUPPLEMENT“ 











Ingredient Percentage 
Soybean meal (44%) 47.50 
Meat and bone scraps (50%) 40.0 
Alfalfa meal, dehydrated 10.0 
Salt, iodized 2.0 
B-vitamin supplement ” 0.25 
Vitamin B-12 supplement ° 0.25 


Antibiotic supplement “ (amount varied) — 





* Purdue Supplement 2 contains 42% protein, 4.0% calcium and 2.0% phosphorus. 

> B-vitamin supplement (Pfizer No. 1) contained 2, 4, 9 and 10 gm. per pound of the respective 
vitamin, riboflavin, pantothenic acid, niacin and choline chloride. 

© Vitamin B-12 supplement (American Cyanamid, Profactor 10) contained 10 mg. of vitamin B-12 
per pound. 

4An antibiotic supplement containing 10 gm. of chlortetracycline per pound (Aurofac 10) was 
added to supply 0, 50, 100, 150, 200 and 250 gm. per ton of supplement for the pigs fed on concrete. 
An antibiotic supplement containing 10 gm. of oxytetracycline per pound (TM-10) was added to 
supply 0, 50, 100, 150, 200 and 250 gm. per ton of supplement for the pigs fed on pasture. The 
amount of antibiotic supplement added replaced an equal quantity of soybean meal. 


Results and Discussion 


A summary of the gains, feed intake, feed efficiency and average anti- 
biotic intake for the two experiments is given in tables 2 and 3. 

Addition of chlortetracycline at levels from 50 to 250 gm. per ton of 
protein supplement for pigs on concrete resulted in a highly significant 
(P<0.01) increase in gain over the control. The average increases ranged 
from 6.6% to 11.8%. However, there was no significant difference between 
lots fed the different levels of antibiotics. Pigs in the various treated lots 
consumed from 6.8 to 33.2 gm. of chlortetracycline per ton of total feed. 

The response to oxytetracycline on pasture was less than the response to 
chlortetracycline on concrete. As a result, additions of oxytetracycline at 
levels from 50 to 250 gm. per ton of protein supplement appeared to 
increase gains from 2.7% to 8.0%, but the differences between the control 
and the treated groups were not statistically significant. Pigs in the various 
treated lots consumed from 6.5 to 25 gm. of oxytetracycline per ton of 
total feed. 

Antibiotic levels required for maximum gains and feed efficiency have 
been the subject of widespread investigation since the initial report by 
Jukes et al. (1950) that 182 gm. of chlortetracycline per ton of complete 
ration increased gains 80%. Subsequent studies (Catron et al., 1951; 
Perry and Beeson, 1953; Wallace et al., 1951) indicated that 10 to 15 gm. 
of chlortetracycline or oxytetracycline per ton of complete ration appeared 
to be an adequate level. However, more recent research has indicated that 
this level of antibiotic results in a smaller response at the present time 
than when these optimum levels were first established (Hanson et al. 1956). 
Some people point to this reduced response as evidence that the micro- 
organisms in the intestinal tract are becoming refractory to antibiotics. 
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Other people believe that prolonged feeding of antibiotics has resulted in 
healthier animals which benefit less from antibiotic feeding. The latter 
opinion appears to be more logical since it has been shown that “tailend” 
or “poor-doing” pigs benefit more from antibiotic feeding than do healthier, 
faster gaining pigs (Beeson and Conrad, 1955; Braude e¢ al., 1953). It 
has also been reported that antibiotics produce a greater response in pigs 
in an old contaminated environment than in those in a new environment 
(Bowland, 1955). 


TABLE 2. A COMPARISON OF LEVELS OF CHLORTETRACYCLINE IN A 
PROTEIN SUPPLEMENT FOR GROWING AND FINISHING 
SWINE ON CONCRETE 











Lot no. 1 2 3 4 5 6 
Chlortetracycline added, grams 
per ton of protein supplement 0 50 100 150 200 250 
No. pigs per lot 12 12 12 14° 12 12 
Av. initial wt., Ib. 40 40 40 40 40 40 
Av. final wt., Ib. 186 199 197 201 195 203 
Av. daily gain, lb. 
First 42 days” 1.27 1.29 137 1.39 1.31 1.39 
Av. for experiment ° 1.$2 1.66 1.63 1.68 1.62 1.70 
Increase in gain, % 9.2 72 11.8 6.6 11.8 
Av. daily feed 
Shelled corn, Ib. 4.01 4.41 4.59 4.61 4.37 4.59 
Protein supplement, lb. .70 .68 .62 .62 .65 .70 
Total, Ib. 4.71 5.09 5.21 5,23 5.02 5.29 
Av. chlortetracycline intake 
per ton of total feed con- 
sumed, gm. 0 6.8 12.0 17.8 25.8 33.2 
Feed per 100 Ib. gain : 
Shelled corn, lb. 263 266 281 274 270 269 
Protein supplement, lb. 46 41 38 87 40 41 
Total, lb. 309 307 319 311 310 310 





* One pig gained only 41 lb. in 56 days and was removed from the experiment. 

b Average weight at the end of 42 days—93 to 98 lb. 

¢ A highly significant (P<.01) difference was obtained between the control and the antibiotic fed 
groups. 


Average daily feed intake was increased at all levels of chlortetracycline 
and oxytetracycline; however, no consistent improvement in feed efficiency 


was obtained with either. The data indicate that pigs fed 50 gm. of anti-: 


biotic per ton of protein supplement gained as rapidly as those fed the 
higher levels. No consistent advantage was obtained by feeding levels above 
50 gm. per ton of protein supplement. It appears that the health of the 
animal and environment should receive consideration in establishing the 
level of antibiotic to feed growing-finishing swine. 








e - 
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TABLE 3. A COMPARISON OF LEVELS OF OXYTETRACYCLINE IN A 


PROTEIN 


SWINE ON PASTURE 


SUPPLEMENT FOR GROWING AND FINISHING 








Lot no. 





1 2 3 4 5 6 
Oxytetracycline added, grams 
per ton of protein supplement 0 50 100 150 200 250 
No. pigs per lot 12 12 12 12 12 12 
Av. initial wt., lb. 40 40 40 40 40 40 
Av. final wt., lb. 184 194 196 193 192 188 
Av. daily gain, lb. 
First 42 days * 125 1.30 1.36 1.27 1,31 Be ky 
Av. for experiment ” 1.50 1.60 1.62 1.59 1.58 54 
Increase in gain, % 6.7 8.0 0 533 237 
Av. daily feed 
Shelled corn, lb. 3:92 4.27 4.38 4.23 4.14 4.10 
Protein supplement, Ib. “59 .62 39 45 53 -46 
Total, Ib. 4.47 4.89 4.93 4.68 4.67 4.56 
Av. oxytetracycline intake 
per ton of total feed con- 
sumed gm. 0 6.4 11.2 11.4 22.8 25.0 
Feed per 100 Ib. gain 
Shelled corn, Ib. 260 267 270 265 262 266 
Protein supplement, lb. 37 39 34 28 34 30 
Total, lb. 297 306 304 293 296 296 






















® Average weight at the end of 42 days—89 to 97 lb. 
> No significant difference was obtained between the control and the antibiotic fed groups. 


Summary 


Additions of chlortetracycline at levels from 50 to 250 gm. per ton of 
protein supplement fed to healthy pigs on concrete resulted in a highly 
significant (P<0.01) increase in gains. Differences in gains between lots 
fed the different levels of antibiotic were not statistically significant. Sim- 
ilar additions of oxytetracycline at those levels for pigs on pasture failed to 
increase gains significantly. 

Average daily feed intake was increased by both antibiotics at all levels, 
but feed efficiency was not consistently improved. 
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INFLUENCE OF THE PRESENCE OF A MALE GOAT ON THE 
INITIATION OF ESTROUS CYCLING AND OVULATION 
OF ANGORA DOES 


MauRIcE SHELTON !: ? 


Texas Agricultural Experiment Station 


ELATIVELY few studies have been reported dealing with reproductive 
phenomena of Angora goats. It is generally assumed that they resemble 
their close relative the sheep in these respects. Thus, they are thought to be 
seasonal breeders (seasonally polyestrous) starting to cycle spontaneously 
with the decreasing day length in the fall of the year. Observations of many 
breeders of Angora soats and unpublished data from this station have 
verified the fact that female Angora goats were in anestrum in spring and 
early summer. 

A study of the kidding records collected on the flock of the McGregor 
Station (Texas Agricultural Experiment Station, Substation 23) indicated 
that breeding behavior was not following the typical pattern expected if 
the does were cycling when the bucks were placed with them in the fall of 
the year. The flock consists at present of 130 head of breeding does made up 
of approximately one-third registered Angoras. The remainder of the flock 
is an experimental strain averaging 75% Angora and 25% common or milk 
goat. During the years under consideration, these animals were grazed on 
portions of an area of up to 6000 acres and the males and females were 
seldom kept in close proximity except during the breeding season. The 
breeding season started in the latter part of September with the kidding 
season starting around the middle of February. 


Procedure 


A preliminary investigation was conducted to establish the length of the 
gestation period in Angora goats as there is a lack of published information 
on this point. In 600 births obtained from records of hand matings made 
on the Sonora Station (Texas Agricultural Experiment Station, Substation 
14, Sonora, Texas) the mean length was 149.2 + 0.408 (range 139 to 156) 
days, counting the day of mating and date of birth as one day. The results 
are shown graphically in figure 1. Twin kids were dropped about one day 
earlier than single kids. Females were dropped an average of 0.1 day 
earlier than males. 

If the expected date for the start of the kidding season is calculated 
using the 149-day gestation period, the does in the McGregor flock did not 

1 Assistant Animal Husbandman and Geneticist, McGregor, Texas. 

2 The author wishes to acknowledge the contribution of Dr. B. L. Warwick, Professor, Texas 
Agricultural Experiment Station, who was in charge of the flock of the McGregor Station during 


the time that a portion of these data were collected, and to Dr. R. O. Berry, Professor, Texas 
Agricultural Experiment Station for advice and assistance in connection with this work. 
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start kidding until approximately 6 days later. Approximately 75% of the 
does dropped kids in the week following the date when kidding first started, 
and 66% of the does dropped kids at a time which indicated that they 
were bred between the 8th and 12th day of exposure. The rate of kidding 
is reported in table 1 and is shown graphically in figure 2. Day-1 is the 
date when the kids should theoretically have arrived if breeding activity 
started on the first day of exposure. The data presented in this figure 
represent a total 317 births for the 1956, ’57 and ’58 seasons. In these years 


oe 
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NUMBER OF DOES KIDDING 
a 
° 





|_-—aall 
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Figure 1. Length of gestation of Angora 
does based on 600 births taken from the 
records of hand matings made at Substation 
14, Sonora. 


breeding started on September 20 and kidding should have started on 
February 12; however, no kids arrived before February 18 in any of the 
three years except for one doe which aborted and one with a premature 
kid. This suggests that the does were not running an estrous cycle when 
the bucks were placed with them, but were stimulated to go into estrous 
by the presence of the male. These data also indicate that under these 
conditions an average of about 10 days (6-13) is required to bring the does 
into estrous. The concentration of breeding activity about the 10th day 
is apparently more pronounced than is indicated by distribution of births. 
This is obvious by comparing the similarity of figures 1 and 2 when the 
10th day of figure 2 is compared with the 149th day on figure 1 and the 
distribution on either side of the modal value observed. 





SHELTON 


TABLE 1. DISTRIBUTION OF BIRTHS FOR 497 KIDS ARRANGED 
ACCORDING TO TIME LAPSE FROM THE DATE DOES COULD 
THEORETICALLY HAVE STARTED KIDDING (149 DAYS 
FROM START OF BREEDING SEASON) 
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This concentration of breeding activity apparently had an adverse 
effect on the breeding performance of the males even though most of the 
sires had what is considered a relatively light breeding load of less than 30 
does. This is indicated by a second period of concentrated births beginning 
about the 30th day as shown in figure 2. Since the estrual cycle in goats 
is considered to be 19 days (Asdell, 1946) this would indicate that begin- 
ning about the 11th day of exposure many of the does which came into 
heat were not settled. Also, there is a consistent decrease in the number 
of does having twins as the kidding season advances. 
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Figure 2. Distribution of births for 497 kids (1956, ’57 and ’58 
kid crops combined) from the McGregor Station. 
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Experimental 


In order to check the tentative conclusions discussed in the previous 
paragraph, two controlled experiments were conducted in the fall of 1958. 
In the first, 41 does were split into two similar groups on August 25. One 
group was placed with two males, and the other group was maintained 
under similar conditions separated from males. Ten days later on September 
4 all the does were slaughtered and the ovaries recovered for examination. 
The results are shown in table 2. Seven doe kids (approximately 7 months 
of age) were included. None of the kids in the experimental or control 
group showed any signs of ever having ovulated. However, all of these had 


TABLE 2. CONDITION OF OVARIES FROM CONTROL DOES AND DOES 
STIMULATED BY TWO MALES FOR 10 DAYS JUST 
PRIOR TO SLAUGHTER 








Ovulation Corpus Large 

points luteum follicles No. Total 
- of does ovu- 
Number of animals Left Right Left Right Left Right ovulating lations 








Control 


Mature does, 17 0 0 
Doe kids, 3 0 0 0 


Stimulated 


Mature does, 17 1 0 
Doe kids, 4 0 0 
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one or more large follicles on the ovaries. In the group of mature does 
which had been exposed to the males, 15 of the 17 does had ovulated with 
a total of 22 ovulation points. The stage of the corpus haemorrhagicum 
indicated that all except one of these does had probably ovulated in the 
last 24 hours. One doe had apparently ovulated 6 to 8 days previously. 
In the control group only one of the 17 mature does had ovulated. How- 
ever, the remaining 16 does had a total of 35 large follicles. This suggests 
that the does were apparently ready to start cycling in response to some 
external stimulus. 

Six does which had not been placed with a male were slaughtered on 
November 26, 1958. Five of the six had started cycling by this date with a 
total of 10 ovulations for the season. Two of the does appeared to have 
passed through two estrous cycles and the three remaining appeared to 
have gone through only one cycle. These data indicate that Angora does 
will eventually start cycling later in the season without the stimulating 
effect of the presence of a male. 

In the second experiment, on September 5, 1958, 80 Angora does were 
split into two comparable groups. One of these, referred to as the stimulated 
group, was run with a vesectomized buck September 5 to 11. The second 
group, referred to as the control group, was maintained under similar con- 
ditions without having contact with a male. Both groups were maintained 
in dry lot from September 5 to September 15 after which time they were 
randomized among seven different normal males and turned into breeding 
pastures. Seventeen of the does are not included in the data reported 
because they were exposed to a sterile buck. The kidding results of the 
two groups are shown graphically in figure 3. Counting the 149th day after 
the start of the breeding season as day-1, the mean kidding date for 32 
does in the stimulated group was 14.9 days. A similar value for 31 control 
does was 4.6 days. This indicates that the presence of a vasectomized male 
for a short period of time before the start of the breeding season significantly 
affected the date of ovulation of the two groups. In this case 29 of the 32 
does from the stimulated group had apparently ovulated prior to the start 
of the breeding season and thus were bred when they came into estrus a 
second time approximately 19 days later. This tended to delay kidding as 
indicated by the mean of 14.9 days. In the control group only 6 of the 31 
does had apparently ovulated prior to the start of the breeding season, but 
the remaining 25 appear to have been bred immediately as indicated by 
the mean kidding date of 4.6. This grouping of kidding indicates some type 
of stimulation affecting the majority of the does. However, with this con- 
trol group the characteristic time lag of earlier years was absent. Two 
possible explanations may be offered for this. These does were held for a 
period of 2 weeks in dry lot and this concentration of animals may have 
had a stimulating effect on the beginning of estrus. It was necessary to work 
the two groups of animals in the same area and through the same holding 
pens and cutting chute. The control group did on one occasion spend a 
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short time in pens adjoining to a group of animals in which a male was 
present. This may have had some effect on them. 


Discussion 


The data presented seem to indicate that some type of nervous stimula- 
tion has a major effect on termination of anestrum in Angora does. The 
presence of the male appears to be the normal source of stimulation, but 
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Figure 3. Distribution of births for two groups of does during the 1959 kid- 
ding season. The stimulated group was exposed to a vasectomized billy for a 
6 day period starting 10 days prior to the start of the breeding season. 


it is suggested that other factors may have the same effect. The mechanism 
of the stimulation by the male is not at present known, but since the char- 
acteristic odor of male goats is distinctly seasonal this factor may be 
involved. 

The involvement of the nervous as well as the endocrine system in the 
process of reproduction of higher animals has previously been a subject of 
study. Marion, et al. (1950) demonstrated that dairy heifers mated to 
vasectomized bulls tended to ovulate earlier. Schnickel (1954a, 1954b), 
Riches and Watson -(1954) and Smith, et al. (1958) present evidence to 
the effect that the presence of the ram acts as an exteroceptive stimulus to 
reproductive activity in the ewe, especially during the transition from the 
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non-breeding to the breeding season. The report by Riches and Watson 
(1954) indicates that in the case of a continuous association of the two 
sexes the stimulating effect may not be exhibited to the same degree as 
in the case of a sudden joining of the two sexes during the transition period. 
From data collected in this study it is not possible to determine if the same 
applies to the Angora goat. The work of Schnickel (1954b) indicates that 
a majority of the ewes fail to exhibit estrus coincident with the first ovula- 
tion after the rams are placed with the ewes. He attributes this to the 
absence of a waning corpus luteum on the ovaries. From the results of 
the present study it does not appear that the presence of a waning corpus 
luteum on the ovaries is required in Angora does in order for them to 
manifest estrus in connection with the first ovulation of the season. How- 
ever, this phenomenon would offer an alternative explanation for the 
second peak of kiddings as shown in figure 2. 

The very marked stimulating effect of the presence of the male as noted 
here for Angora does could have practical application as well as theoretical 
interest. Based on reports by Hammond (1944) and McKenzie and Terrill 
(1937), the ovulation rate in sheep is higher for the second estrus period 
of the season than for the first. These preliminary data suggest that the 
same may be true with goats, and thus some advantage could be realized 
from stimulation prior to the start of the breeding season in order that the 
does may be bred at second estrus. Also, the characteristic grouping of 
matings that may occur could have an adverse effect on the fertility of the 
males. 

Further studies are being conducted to ascertain some of the factors 
involved in the initiation of estrus by the presence of the male, and how this 
phenomenon might be used to advantage by breeders of Angora goats. 


Summary 


The mean length of the gestation period for 600 Angora does was 149.2 
days. 

A three-year summary of the kidding records of 317 Angora does showed 
that 66% of the does kidded between the 8th and 12th day of the kidding 
season and further study of this data suggests that there was an interval of 
approximately 10 days between the placing of the male with the does on 
September 20 and the occurrence of the first estrus of the breeding season. 

The presence of the male with the does just prior to the start of the 
breeding season had a stimulating effect upon the initiation of estrus and 
ovulation. This was shown by slaughter studies in which 15 of 17 does 
which had run with males for 10 days had ovulated as compared to only 1 
of 17 in a control group. This phenomenon was further demonstrated by 
breeding studies with 63 does. The exposure of one group to a vasectomized 
billy beginning 10 days prior to the start of the breeding season resulted in 
a significant difference in the mean kidding date between them and a 
similar control group. A grouping of births was observed in both the 
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stimulated and control group, but the characteristic time lag experienced 
with the breeding flock in earlier years was absent from the control group. 
This fact suggests that possibly other factors as well as the presence of the 
male may serve to initiate and synchronize breeding activity of the does. 
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NUTRITIVE VALUE OF BEEF CATTLE RATIONS CONTAINING 
ARTIFICIALLY DRIED CORN 


D. C. CLranton, M. L. HemMstrom Anp J. MatsusHIma ! 


Nebraska Agricultural Experiment Station,? Lincoln 


S a result of recent developments in grain drying equipment, high 

moisture corn is being dried with heat to safe moisture levels for 
storage. This practice is becoming so widely accepted that heat dried corn 
may constitute a large part of the market supply in the future. 

Inasmuch as corn is widely used as a high energy feed, the question of 
the effect of heat on its nutritive value arises. This problem was especially 
apparent following the 1957 harvest when farmers received price cuts on 
heat dried corn. Some cattle feeders refuse to buy heat dried corn on the 
supposition that its nutritive value has been reduced. 

In group feeding experiments, Albert and Neumann (1955) obtained 
similar average daily gains in steers fed rations containing heat dried and 
field dried corn. In similar experiments with lambs, Jordan (1953) produced 
satisfactory gains with heat dried corn in the ration. Wilson (1953) found 
milk production not to be affected in dairy cows fed commercially dried im- 
mature corn. 

Hathaway et al. (1952) concluded that there was a significant reduction 
in nutritive value when corn was heat dried at temperatures over 140° F. 
Rat growth was their measure. Temperatures up to 240° did not affect 
nutrients of the corn as determined by chemical analyses. 

Davis and Cabell (1957), using rat growth as the measure, found that 
heating 14.6% moisture corn at 190° F. did not decrease protein value, but 
heating 31% to 42% moisture corn at 173° F. decreased the protein value 
by one-half. There was no decrease when the corn was dried at 137° F. 
Energy was unaffected by the treatments. 

In an attempt to determine the nutritive value of artificially dried corn, 
several problems arise. Differences in drying methods and differences in 
moisture contents at the time of drying may have varying effects. High 
moisture immature corn, when heated, may react differently than relatively 
high moisture mature corn. 


Experimental Procedure 


At the time of purchase the corn (on the ear) used in the experiment con- 
tained approximately 25% moisture. After shelling and just previous to 
artificial drying, the corn had a moisture content of 20.4%. Control corn 

1 The authors wish to thank G. M. Petersen for supervising the corn drying. 


2 Published with the approval of the Director as Paper No. 976, Journal Series, Nebraska Agricultural 
Experiment Station. 
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(Ration 1) was dried to 13% moisture with unheated forced circulating 
air. It was then stored before grinding. 

The corn dried with heat was dried in a Campbell recirculating dryer. 
Corn being dried was drawn off the bottom and elevated to the top at the 
rate of about two cycles per hour, to obtain approximately equal grain 
temperatures throughout each batch. To record temperatures of the air, 
thermocouples were used in connection with a recording potentiometer. 
Readings were taken at seven locations in the air stream. An additional 
thermocouple was used in conjunction with a mercury thermometer outside 
the dryer to give a check on the accuracy of the records. All inlet and out- 
let air temperatures were recorded. Drying times and temperatures, and 
final moisture content of the corn for the different rations are shown in 
table 1. 

It would have been desirable to have dried all corn to the same moisture 
content. The small differences occurring may have been sampling errors 


TABLE 1. TEMPERATURE AND TIME USED IN DRYING THE CORN 








Moisture Air temperature 
Initial moisture after cooling entering dryer Drying time 





% % °F, hours 


20.4 13.0 Unheated * 168. 
20.4 13.4 130 Tes 


d 20.4 12.2 160 6.7: 
4 20.4 13.6 190 5 





* The temperature during the week of natural drying averaged 60° F. 


since samples were taken from corn flowing out the bottom of the dryer 
and tested in a Steinlite Moisture Tester. When these samples indicated 
moisture below 13% the heat was turned off. 

Air flow rates were not measured or varied in this experiment. It is true 
that recent work of Cabell e¢ al. (1958) shows that air flow rates are 
associated with temperature and drying time in producing nutrient losses. 
However, their report also indicates that air flow rate is important for two 
basic reasons relating to conditions which were not variables in the present 
experiment. Firstly, in a non-recirculating dryer changes in air flow rate 
cause changes in the temperature differentials within a batch of grain. In 
the present experiments a recirculating dryer was used to minimize any such 
temperature differentials. Secondly, changes in air flow rate cause changes 
in the length of drying period required. In the present case only one batch 
of corn was dried at each temperature; and so only one air flow rate could 
be used, the effect of which was determined by recording the length of 
drying period required. 

Four yearling steers with initial weights of 675 Ib. were used in a latin 
square design to determine the digestible nutrients and metabolizable energy 
of four growing rations and four fattening rations. The difference between 
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comparable rations was in the temperature at which the corn had been 
dried (table 1). 

During the growing phase, ground shelled corn was fed with chopped 
alfalfa hay at the rate of 9 lb. of alfalfa and 4 lb. of corn per day. During 
the fattening phase, the corn was increased to 13 lb. per day and the alfalfa 
reduced to 5 lb. per day. The alfalfa hay was coarsely chopped previous to 
the experiment and stored indoors; hay from the same source was used in 
all of the rations. Eleven days were allowed between the growing phase and 
fattening phase for adjustment to the increased grain intake. The compesi- 
tion of the rations is shown in table 2. 

The steers were fed twice daily. Feed was sampled daily and the samples 
were composited at the end of each trial, ground, and stored for chemical 


TABLE 2. THE CHEMICAL COMPOSITION OF THE AVERAGE DAILY RATION 








Growing Fattening 





Ration no. 2 3 4 2 3 





Grams consumed 
Alfalfa 4086 4086 4086 2270 2270 2270 2270 
Corn 1816 1816 1816 5962 5902 5902 5902 


Percentage composition * 
Dry matter : 88.83 88.90 88. 85.86 85.82 85.88 86.22 
Organic matter ‘ 82.98 83.45 83. 83.04 82.96 83.27 83.37 
Crude protein . 10.99 11.22 11. 9.53 9.39 9.49 9.55 
Ether extract ‘ 2.35 2.22 2. 3.09 2.84 3.12 3.15 
Crude fiber ; 22.95. 21-95 21. 10.37. 10.32 10.08 10.56 
Nitrogen-free extract ; 46.69 48.01 48. 60.04 60.40 60.58 60.12 
Energy (K cal./gm.) 3.89 3.96 3.85 3. 4.00 3.91 3.97 4.00 





* Each value is the average of four 7-day composite samples collected during one of the four trials 
in each phase of the experiment. 


analysis. Automatic water tanks were so arranged between stalls that water 
was always available. 

Each trial consisted of a 10-day preliminary period and a 7-day collection 
period. The feces collection apparatus described by Gorski e¢ al. (1957) 
was modified for use with steers. Urine was collected under toluene in 5- 
gallon glass jars after it had passed through the grate in the metabolism 
stall. This procedure involved the use of harnesses and fecal collection bags 
in metabolism stalls. 

At the end of each 24-hour period during the 7 days, the collections were 
weighed and sub-sampled. The sub-samples were 5% of the total collection 
for feces and 1% of the total collection for urine. They were refrigerated 
between each 24-hour period to prevent decomposition. 

At the end of each trial, the 7-day composites of urine were frozen in 
tightly capped polyethylene jars. The feces samples were dried at 60° C. 
in a circulating air oven for 72 hours. Dry matter was determined on a 
small sample in an oven at 105° C. 

The rations and fecal samples were subjected to proximate analysis and 
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TABLE 3. AVERAGE APPARENT DIGESTION COEFFICIENTS OF RATIONS 








Growing Fattening 


Ration no. 3 





Dry matter 2 , 65. 
Organic matter 3 . 66.: 
Crude protein 5 , 65. 
Ether extract 3. . 58. 
Crude fiber ; 36. SPs 
Nitrogen-free extract ‘es 81. 
Energy i ; 62. 
Metabolizable energy 
(K cal./Ib.) . ‘ 921. : 1133. 





determinations of gross energy. Energy determinations were made in a 
Parr bomb calorimeter. Urine was concentrated on cellulose blocks for 
determination of its energy content. Methane production was computed 
from the digestible carbohydrates, using the formula presented by Swift 
and French (1954). 


Results and Discussion 


No significant difference was observed in the digestibility of any of the 
nutrients in the four rations in either the growing phase or the fattening 
phase of the experiment (tables 3 and 4). The only coefficients approaching 
a significant difference were those for crude fiber during the growing phase. 
The ration containing the naturally dried corn had the highest digestion 
coefficient followed by the ration containing the 130° F. dried corn (table 
3). There were no differences in metabolizable energy. 

It would have been desirable to use corn with a higher initial moisture 
content because Hathaway et al. (1952 and Davis e¢ al. (1957) reported 


TABLE 4. ANALYSIS OF VARIANCE OF DIGESTION COEFFICIENTS AND 
METABOLIZABLE ENERGY 








Mean squares 


Degrees tabo- 
Source of of Dry Organic Crude Ether Crude N.-free lizable 
variation freedom matter matter _ protein extract fiber extract energy 





Growing phase 
Total 
Animals j : 11.37 89.83 
Trials 3 a 23.33 160.85 
Rations d : ® 0.36 20.87 
Error 4 4.92 66.18 


Fattening phase 
Total b 
Animals q 40.22** 39.38** 22.16 136.92°* 215. ata”... 86/529" 6668" 
Trials 131 54 29.67 46.87 87. .87 4.67 1639 
Rations a 2.88 .38 3.49 31.13 38. .58 5.41 1895 
Error .39 6.26 15.61 39. .22 2.35 965 





Te aesOS, ska 
“+ P=.01. 
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that there is an association between moisture content, temperature, and 
nutrient loss in artificially dried corn. The critical point in this relationship 
has not been determined; however, it would appear that the lower the 
moisture content of the corn, the higher the temperature that can be used 
without altering the nutritive content of the corn. 

No special study of palatability was made in this experiment; however, 
there were no refusals of the rations, indicating that they were palatable. 
The color and appearance of the corn was not altered by drying. 


Summary 


A latin square design comprising four yearling steers and four rations 
containing corn that had been dried artificially at various temperatures was 
used in digestion trials during growing and fattening. The first four trials 
covering the growing phase involved rations containing 4 lb. of corn and 
9 lb. of alfalfa hay. The rations in the fattening phase contained 13 Ib. of 
corn and 5 Ib. of alfalfa hay. The four corn drying procedures were natural 
drying, drying at 130° F., 160° F., and 190° F. 

No significant difference in digestibility or metabolizable energy between 
rations was observed in either the fattening phase or the growing phase 
of the experiment. A decrease in crude fiber digestibility at the higher dry- 
ing temperatures approached significance in the growing phase. Digestibility 
coefficients for energy were higher for the fattening phase than for the 
growing phase. 
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APPLICATION OF ULTRASONIC REFLECTION TECHNIQUES 
IN EVALUATING FATNESS AND LEANNESS IN PIGS! 


J. F. Price,” A. M. Pearson, H. B. Prost anp R. J. DEANs *: 4 


Michigan Agricultural Experiment Station, East Lansing 


ena practicability of measuring the depth of fat and lean tissues in 
living swine and in pork carcasses with ultrasonic probing techniques 
has currently elicited considerable interest. Temple e¢ al. (1956) reported 
that an ultrasonic device known as the “somascope” provided a fairly good 
measure of fat thickness in live cattle. Lauprecht e¢ al. (1957) successfully 
applied ultra-high frequency sound reflection techniques to live swine and 
pork carcasses as a means of measuring fat thickness. Claus (1957) has 
reported on the effects of variation of some tissue constituents which cause 
variability in ultrasonic measurements. More recently, Hazel and Kline 
(1959) reported significant relationships between ultrasonic measurements 
of fat and the cutting percentages for hogs. 
This study was undertaken to determine the usefulness of ultrasonic 
probing in evaluating live hogs and pork carcasses by relating ultrasonic 
measurements with other measures of leanness and fatness. 


Materials and Methods 


Experimental Animals and Slaughtering. A total of 158 hogs was used in 
this study. Since measurements on 74 animals (Group I) were taken while 
the hogs were restrained in a bleeding crate, and the number of measure- 
ments per animal was greater than on the remaining 84 animals (Group II), 
the data were handled as two groups for correlation analysis. The animals 
came from several breeds and breed crosses and were produced under a 
variety of feedlot conditions. The hogs were handled, slaughtered and cut 
in the same manner as reported by Pearson et al. (1956). In Group II, the 
specific gravity of the ham was determined as described by Price e¢ al. 
(1957). 

Live and Carcass Measurements. In addition to the usual carcass measure- 
ments (Pearson et al., 1956) the following measurements were made. 

In Group I, three fat probes were made on the carcass at the same loca- 
tion used for the ultrasonic soundings and for the live probes with a grad- 

’ Journal Article 2473 Michigan Agricultural Experiment Station. 
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uated steel ruler, and three lean probes were made at the same sites with a 
metal skewer. In Group II, fat and lean carcass probes were made at the 
center of the back only. In both groups, the depth of fat and depth of the 
eye muscle were measured from a cross-sectional tracing of the untrimmed 
loin taken at the last rib. 

Ultrasonic Probing Technique. A Sperry Reflectoscope equipped with a 
2.25 m.c. crystal was used to make soundings for backfat thickness and 
lean depth. Soundings for fat thickness were made prior to probing about 
1% inches off the midline. In Group I, the hogs used for ultrasonic sound- 
ings were restrained in a bleeding crate. Soundings for lean depth were made 
at the three locations and averaged for subsequent computations. In Group 
II, lean depth probes were taken at the center of the back only. The animals 
were allowed to stand naturally while the live soundings were made. Ultra- 
sonic measurements were taken on the hot carcasses of Group II. 

At the sites of sounding the hair was closely clipped, and an abundance 
of oil applied as a contact medium on the live hogs. Water proved to be a 
good contact medium on the hot carcasses. 

Readings were made on a scale graduated in tenths of an inch which was 
fastened on the oscilloscope. The sweep length setting of the machine was 
standardized with an aluminum test block 3 in. x 4 in. x 1 in. For fat 
soundings, the reflection peak for a 6 in. depth of the block was set at 1.5 
and 1 in. on the scale in Groups I and II, respectively. The sensitivity and 
reject settings of the machine were adjusted slightly during operation in 
order to obtain the most clear-cut pattern of reflections. Extreme fat thick- 
nesses which were off the scale at the 3-in. setting were read at the lower 
setting and calculated for a 3-in. reading. 

Treatment of Data. Since the animals in each group were handled and 
measured in a slightly different manner, the data from each were treated 
separately. Simple correlation and partial regression coefficients were 
determined. 


Results and Discussion 


The means of ultrasonic measurements of fat were different from the 
average probe or backfat measurements (table 1) owing to the units of 
measurement involved. Live probes and backfat measurements were in 
inches, while ultrasonic readings were taken in arbitrary units relative to 
the thickness of the standard block used to set the machine. From the 
regression equation, backfat thickness could be estimated from ultrasonic 
readings. The following equation was computed from the data of Group II: 

Y = 0.479X + 0.324, in which, Y = estimated backfat thickness, and 
X = ultrasonic reading. The standard error of estimate was 0.060. 

It was generally assumed in this study that the velocity of ultrasonic 
waves through fatty tissues of swine was relatively uniform from one animal 
to another. However, Claus (1957) reported that the velocity of ultrasonic 
waves through fatty tissue was dependent upon the composition and 
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TABLE 1. MEANS AND STANDARD DEVIATIONS BY GROUPS 








Group I Group II 


Item Mean S.D. Mean S.D. 





Slaughter weight, lb." chia tut 196. 
Average backfat thickness, in.” 
Live probe average, in.° 

Fat probe, carcass av., in.* 
Fat-ultrasonic, live ‘ 
Fat-ultrasonic, hot carcass ° 
Fat depth-tracing, center 
Fat-ultrasonic, center, live 
Fat-ultrasonic, center, carcass 
Lean-ultrasonic, live 
Lean-ultrasonic, hot carcass 
Lean probe, carcass * 

Lean depth from tracing 

Area L.D. 10th rib 

Lean cuts, % of carcass ° 

Lean cuts, % of slaughter wt. 
Primal cuts, % of carcass °® 
Primal cuts, % of slaughter wt. 
Fat trim, % of carcass ° 
Specific gravity of ham 


-_ 


oO: 
m= ROR eR MR De DR De 


NNN&ODOODOSS999999008 


Wwe nrdenNOOO-: 


ge 





® 24-hr. shrunk weight. 

> Measured at Ist rib, 7th rib, last rib and last lumbar vertebra. 

© Determined at three locations—approximately at 5th and last ribs, and last lumbar vertebra. 
4 Determined at three locations in group I and at center of back in group II. 

¢ Based on weight of chilled carcass without leaf fat. 


physical characteristics of the tissue. Therefore, variations in fat char- 
acteristics other than thickness may have been a factor contributing to 


variations in readings. 
Group I. Highly significant correlation coefficients (table 2) were found 


TABLE 2. CORRELATION COEFFICIENTS FOR VARIOUS FAT AND LEAN 
MEASUREMENTS AND CARCASS CUT-OUT FROM DATA FROM GROUP I* 








Lean 
Fat Live Carcass Lean probe 
Item ult. live probe fat __ ult. live carcass 





Backfat 0.82 
Live probe 0.81 
Fat depth, tracing 0.72 
Lean cuts, carcass basis —.70 
Lean cuts, live basis —.58 
Primal cuts, carcass basis —.72 
Primal cuts, live basis 

Fat trim 

Area L.D. 10th rib 

Lean depth, tracing 





*r=0.23 significant at 5% level. 
r=0.30 significant at 1% level, 
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between ultrasonic measurements of fat and backfat thickness, live probe, 
and cutting percentages. The apparent value of ultrasonic measurements 
of fat for predicting cut-out was somewhat less than the value of live probes. 
The correlation coefficients between ultrasonic determinations of fat and 
various cutting percentages were similar in magnitude and direction to 
those obtained between live probe and cut-out. 

Low relationships were found between ultrasonic estimates of lean depth 
and other measures of leanness (table 2). Due to extreme difficulty in 
obtaining clear oscilloscope readings for lean depth at the setting used for 
Group I, it seemed likely that the readings did not correspond to the ventral 
surface of the loin muscles. Carcass probes of lean depth did not show 
highly significant relationships with primal cut-out, but were highly related 
to loin eye area and deptl: measurements. 


TABLE 3. CORRELATION COEFFICIENTS FOR VARIOUS FAT MEASURE- 
MENTS AND CARCASS CUT-OUT FROM DATA FROM GROUP II* 








Live Fat probe Fat Fat Fat depth Fat ult. 
Item Backfat probe carc. ult. live ult. carc. tracing centerlive Sl. wt. 








Backfat bese Egae ai Be tas bays ie Bre a 0.34 
Live probe ae sao pet Rete sere Re palais 0.47 
Fat depth, tracing 5 iy Phisis 
Fat-ultrasonic, live 0.88 0.91 
Fat-ultrasonic, carcass 0.89 0.89 
Lean cuts, carcass .80 .79 
Lean cuts, live .73 .73 
Primal cuts, carcass .80 .80 
Primal cuts, live .67 .68 
Specific gravity, ham -61 .62 





® r=0.21 significant at 5% level. 
r=0.28 significant at 1% level. 





Group II. The data in table 3 shows that fat thickness can be measured 
quite accurately by the ultrasonic method. The correlation coefficients for 
the ultrasonic fat measurement with live probe and actual backfat thickness 
were .91 and .88, respectively. Also, a close relationship was found between 
ruler measurements of fat and ultrasonic determinations on the hot car- 
casses. A highly significant correlation coefficient (.93) was found between 
ultrasonically measured fat on the live animals and ultrasonic measurements 
on the warm carcass. 

Negative and highly significant correlation coefficients were found 
between backfat thickness and various cut-out percentages. Very similar 
relationships existed between live probe and cut-out, and between ultrasonic 
measurements of fat and cutting percentages. These results followed the 
same general pattern reported by Pearson et al. (1956) and Price e¢ al. 
(1957). It was apparent that there was no significant difference between 
backfat, live probe, or ultrasonic measurements of fat as predictors of cut- 
out value. Fat thickness measured ultrasonically was equal to live probe 
for prediction of cut-out value on the live hog. However, the economic 
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TABLE 4. STANDARD PARTIAL REGRESSION COEFFICIENTS FOR FAT 
MEASURES AND CUT-OUTS WITH THE EFFECT OF SLAUGHTER 
WEIGHT REMOVED “ 








Fat 
Item Backfat Live probe ultrasonic, live 





Fat depth-ultrasonic, live 0.88 0.85 
Lean cuts, carcass basis —.82 —.89 
Primal cuts, carcass basis —.82 —.89 





“ All values highly significant. 


feasibility of an ultrasonic probe may be justly questioned. It is postulated 
that in circumventing humane treatment pressures or for probing highly 
valuable animals, ultrasonics may offer advantage over the live probe. It 
seems that ultrasonic determinations of fatness and leanness could be 
applied to a system of rapidly and automatically grading hog carcasses. 
Perhaps an automatic scaling and grading device for sorting carcasses 
according to economic merit would be possible with the use of ultrasonics. 

Standard partial regression coefficients (table 4) indicated that the 
relationships between fatness measures and cutting percentages were not 
materially altered by removing the effect of slaughter weight. It should be 
pointed out that this group of hogs was relatively uniform in weight. 

The correlation coefficient of a single measure of fat thickness taken in 
the center of the back with percent lean cuts was similar to that of average 
fat values with lean cuts. Due to the greater probability for error in a 
single determination and slightly lower relationship with lean cuts, the 
averages of three readings seemed more reliable as indices of cut-out. The 
relationship of specific gravity of the untrim) -d ham with various fatness 
measures tended to substantiate the reliability of these fat determinations 
as indices of carcass composition. 

The animals in this study represented a sample of the hogs that are 
marketed for slaughter. This study tested the reliability of a technique for 
evaluating leanness and fatness in such a sample. However, the intra-breed 
and sex correlation coefficients (table 5) may prove informative for those 
interested in applying this technique as a tool for selection of breeding stock 
of a single breed and sex. 

The relationship of ultrasonic estimates of lean depth with other measure- 
ments of lean depth and area were low (table 6), but significant correlation 


TABLE 5. WITHIN BREED AND SEX CORRELATION COEFFICIENTS * 








Fat depth 
Item ultrasonic, live Backfat 





Lean cuts, carcass basis —.65 
Backfat 0.83 





*r=0.29 significant at 1% level. 
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coefficients were found between ultrasonic determinations and lean depth 
measured on a tracing. The lean estimated ultrasonically in the live hogs 
was significantly related to loin eye area. The negative correlation coeffi- 
cients for ultrasonic estimates of lean depth on the carcass and percentage 
lean cuts could not be readily explained. Limited experimentation showed 
that the reflection peaks recorded as lean depth were reflections from the 
general regions of the ventral surface of the eye muscle. Therefore, some 
assurance was offered that these reflections were from the ventral surface of 
the eye muscle or spinal projections. Partial correlation coefficients relating 
percent lean cuts (carcass basis) and lean depth measured ultrasonically 
(live and carcass), with the effect of fat thickness readings removed were 
0.17 and 0.23, respectively. Simple correlation coefficients for these items 
were 0.09 and —.19. Thus, it is postulated that variations in fat thickness 
may have been affecting the reliability of the lean estimates. However, a 


TABLE 6. CORRELATION COEFFICIENTS FOR ULTRASONIC AND OTHER 
ESTIMATES OF LEANNESS. GROUP II* 











Lean Lean 
Lean Lean probe, depth, Area L.D. 
Item ult.,live ult.,carcass carcass tracing 10th rib 
Lean probe, carcass 0.18 0.23 - 
Tracing lean 0.30 0.49 0.56 
Area L.D. 10th rib” 0.34 0.12 0.46 0.68 
Lean cuts, carcass basis 0.09 —.19 0.17 0.46 0.62 
Lean cuts, live basis 0.10 —.16 0.26 0.51 0.71 





® r=0.21 significant at 5% level. 
r=0.28 significant at 1% level. 
» Correlation coefficients for area of lean eye based on 83 hogs. 


detailed study of the effects of physical and chemical properties of the 
fat and lean on the behavior of ultrasonic waves would be necessary to 
ascertain any interaction. Also, the correlation coefficients for lean depth 
measured ultrasonically (carcass) and actual lean depth was 0.43 as a 
simple correlation coefficient, but 0.60 as a partial correlation coefficient 
with fat constant. It remains a possibility that, if some correction value for 
fat thickness could be ascertained, lean depth may be estimated more 
accurately. 

Although a positive, highly significant relationship was found between 
carcass lean probes and actual depth measurements, the correlation coeffi- 
cient (0.56) was not of sufficient magnitude to justify substitution of this 
technique for tracing measurements. 

Depth of the loin eye was significantly related to loin eye area and 
lean cut-out, indicating that depth measurements may be useful in pre- 
dicting muscle size and carcass value. The area of the eye muscle at the 
10th rib was highly related to percentage lean cuts giving correlations of 
0.62 and 0.71 (table 5) on the carcass and live basis, respectively. 
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Summary and Conclusions 


The usefulness of an ultrasonic probing technique for measuring thickness 
of fat and lean tissues was explored with 158 live hogs. Since the procedure 
of measurement differed in some respects, the data were treated in two 
groups. Results showed the ultrasonic measurements of fat were highly 
related to both live probe and backfat thickness. 

Live probe, backfat, and ultrasonic measurements of fat were equal in 
value for predicting lean and primal cut-out. Fat thickness measured 
ultrasonically could be used to predict carcass value, but it offered little 
advantage over commonly used probing procedures. However, the possibility 
of applying ultrasonics in the grading of pork carcasses on the rail in a 
systematic and perhaps automatic manner appears feasible. 

Ultrasonic estimates of the depth of the loin eye muscle over the center 
of the back in the live hogs were significantly related to depth and area 
determinations taken from a tracing. The ultrasonic estimate of lean depth 
on the carcass was improved when the effect of fat thickness was removed. 
The ultrasonic measurements of lean did not show sufficiently high relation- 
ships with lean cut-out to be directly useful for prediction, but further 
refinement of the method may produce a useful relationship. 
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THE DIGESTIBILITY OF FORAGE ON BURNED AND NON- 
BURNED BLUESTEM PASTURE AS DETERMINED 
WITH GRAZING ANIMALS ! 


{. F. Smiru, V. A. Younc,” K. L. ANpDERSON, W. S. RULIFFSON 
AND S. N. ROGERS 


Kansas State University,®? Manhattan 


URING periods of normal and above-normal rainfall, many of the 
pastures in the bluestem pasture region of Kansas are burned each 
spring to remove dead vegetation remaining from the previous growing 
season. Smith et al. (1959) have reported slightly increased gains of steers 
on pastures burned in mid- or late-spring (April 1 to May 1), and reduced 
forage production. Long-time yield studies show approximately one-third 
more forage was produced on nonburned plots than on plots burned earlier 
than May | and about one-fifth more than on plots burned about May 1 
(Hanks and Anderson, 1957). 
This study was conducted to determine the effect of mid-spring burning 
(April 1-15) on the digestibility of the vegetation. 


Experimental Procedure 


The experiment was conducted on bluestem pastures near Kansas State 
University, Manhattan, on vegetation described by Anderson (1951) as 
typical true prairie. Big bluestem (Andropogon gerardi), little bluestem 
(Andropogon scoparius), and indiangrass (Sorghastrum nutans) make up 
50-60% of the total vegetation on the ordinary upland and limestone 
breaks range sites as described by Anderson and Fly (1955). 

Four trials were conducted during the early and late summer of 1953 
and 1954, each lasting from 5 to 8 days. Each trial was conducted with 
four steers on a nonburned pasture and four on a mid-spring burned (April 
1-15) pasture to compare digestibility of the forage produced under the 
two treatments. Steers under each treatment were placed on pasture about 
May 1 and remained until about October 1. 

Each of the steers used in the trial was fitted with a harness and feces 
collection bag. The steers remained on pasture with other steers, their 
feces bags being changed twice daily, at about 8 a.m. and 4 p.m. This took 
the steers from pasture about 4 hours daily. Feces in the bags were weighed, 
mixed, and samples obtained for chemical analyses. 

1 Contribution No. 233, Department of Animal Husbandry, No. 650, Department of Agronomy and 
No. 590, Department of Chemistry, Kansas Agricultural Experiment Station, Manhattan. This article 
is a portion of the senior author’s Ph.D. dissertation submitted to Texas A&M College. 


2 Department of Range and Forestry, Texas A&M College, College Station. 
3% Departments of Animal Husbandry, Agronomy and Chemistry. 
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Forage samples were obtained for chemical analyses by following each 
steer and attempting to collect vegetation similar to that being grazed. This 
was done for 1 te 2 days before the start of each trial and 1 to 2 days 
before the close of each trial. The forage samples which were composited 
by pasture for each trial, represented grass collected while following each 
steer early and late in the trial in that particular pasture. 

Determinations of crude protein, ether extract, nitrogen-free extract, 
crude fiber, and ash were made on feces and forage by methods of the 
Association of Official Agricultural Chemists (1950). The proximate com- 
position of the forage from each treatment for each trial is shown in table 1. 
The lignin ratio method of determining digestibility was used in Trial 1 
and 2. Lignin content of feces and forage was determined as described by 


TABLE 1. PROXIMATE COMPOSITION OF FORAGE FROM BURNED AND 
NONBURNED BLUESTEM PASTURES ON DRY MATTER BASIS 











Protein Crude N-free Ether 
Forage (6.25 x N) fiber extract extract 


% 





From nonburned pasture 
Trial 1 9.36 
Trial 2 .81 
Trial 3 13.90 
Trial 4 .89 


From burned pasture 
Trial 1 
Trial 2 
Trial 3 
Trial 4 





Ellis et al. (1946). In Trials 3 and 4 the chromogen method of determining 
digestibility was used. Chromogen content of the feces and forage was 
determined as described by Reid, et al. (1950). 

Digestibility of the nutrients was determined as outlined by Maynard 
and Loosli (1956). Fryer’s (1954) G test was used to detect significant 
differences in digestibility. 


Results and Discussion 


Average apparent digestion coefficients are reported in table 2. The 
digestibility of the protein in the forage did not seem to be greatly affected 
by burning. Protein digestibility was significantly increased in Trial 4. 
Slight but nonsignificant increases in digestibility appeared to be related 
to burning in the other three trials. 

Burning apparently increased digestibility of the ether extract. This 
was significant for all except Trial 1. No explanation was found for the 
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TABLE 2. AVERAGE APPARENT DIGESTION COEFFICIENTS OF FORAGE ON 
BURNED AND NONBURNED BLUESTEM PASTURES AS DETERMINED 
WITH GRAZING ANIMALS * 

















Mid-spring Significance of 





Nonburned burned pasture difference be- 
Item pasture (April 1-15) tween treatments‘ 
Protein 
Trial 1” 47.5 50.6 NSS. 
Trial 2 34.6 41.3 NSS. 
Trial 3 63.5 64.7 NS. 
Trial 4 64.8 68.9. * 
Ether extract 
Trial 1 17.0 25.8 NSS. 
Trial 2 4.6 28.6 eK 
Trial 3 16.2 64.7 ndndiad 
Trial 4 37.8 50.1 *a% 
Crude fiber 
Trial 1 68.7 71.4 ¥ 
Trial 2 67.0 104 ** 
Trial 3 61.8 78.1 ** 
Trial 4 68.2 wi.3 vin 
Nitrogen-free extract 
Trial 1 67.0 68.9 NS. 
Trial 2 53.4 55.9 *%* 
Trial 3 64.8 74.7 *e% 
Trial 4 71.7 74.5 NS. 
Dry matter 
Trial 1 60.6 63.1 * 
Trial 2 49.3 53.6 *e 
Trial 3 59.9 70.6 + 
Trial 4 66.5 70.8 se 





® Each digestion coefficient in this table is an average of four. 

> The specific dates for the four trials were: Trial 1, June 17-24, 1953; Trial 2, September 18-26, 
1953; Trial 3, June 12-18, 1954; and Trial 4, August 24-28, 1954. 

¢€ N.S.=Statistically non-significant: *, **, ***; significant at 5, 1, 0.1 percent levels, respectively. 


low values for the digestibility of ether extract on the nonburned pasture 
in Trial 2. 

The digestibility of crude fiber was increased by burning. The effect of 
burning on the digestibility of nitrogen-free extract was questionable. In 
two of the four trials burning increased digestibility; in two, the differences 
were not significant, but the observed averages were higher in the burned 
group. Digestibility of dry matter was increased by burning. Apparently 
pastures benefited by mid-spring burning which increased digestibility of 
the vegetation. 

The consumption of forage dry matter was calculated for each steer based 
on feces output and the quantity of indicator in the forage and feces. There 
was no significant difference in forage consumption among treatments in 
any of the four trials. 
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Summary 


Four digestion trials were conducted with 32 steers on pasture to deter- 
mine the effect of spring burning (April 1-15) on digestibility of blue- 
stem-pasture vegetation. Apparent digestibility of crude fiber and of dry 
matter was increased by burning in each trial, and ether extract digestibility 
was increased in three of the four trials. Burning increased digestibility of 
nitrogen-free extract significantly in only two of the four trials. Digestibility 
of protein seemed not to be greatly affected by burning since digestibility 
was increased in only one of four trials; however, nonsignificant increases 
in digestibility occurred in the other three trials. 
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THE NET ENERGY OF BLACKSTRAP MOLASSES FOR 
FATTENING STEERS AS DETERMINED BY A 
COMPARATIVE SLAUGHTER TECHNIQUE?” 


G. P. LorcreEN*® AND K. K. OTAGAKI 


University of Hawaii, Honolulu 


UMEROUS reports may be found in the literature describing investiga- 
tions designed to determine the feeding value of cane or blackstrap 
molasses for fattening cattle. No attempt will be made to completely review 
these reports. Scott (1953) reviewed many of them and summarized the 
findings. It is impressive that despite the importance of molasses in the live- 
stock feeding industry, there is lack of agreement on its value when fed at 
different levels. No specific recommendations can safely be made until 
the value of molasses fed at different levels to beef cattle is known. 

It cannot logically be disputed that net energy (NE) is theoretically to 
be preferred as a measure of useful feed energy over such measures as total 
digestible nutrients (TDN), digestible energy (DE) and metabolizable 
energy (ME). To the knowledge of the authors, there are no studies 
reported in the literature which were designed with the stated objective 
of determining the NE of blackstrap molasses for fattening. Although NE 
determination by the classical calorimetric balance trial is expensive and 
tedious, other methods can be used. Some of these have been reviewed by 
Blaxter (1956) and by Swift (1957). If one can accurately determine the 
body water of animals at the beginning and end of a trial, it is possible to 
resolve the composition of the gain. Reid e¢ al. (1955) have proposed 
equations which can be used to predict accurately the body composition 
from body water. With the ruminant animal, there is difficulty in determin- 
ing body water in vivo. Garrett et al. (1959) have pointed out that the 
rumen fill seems to be one of the major sources of difficulty. Until a suit- 
able method is found to determine body water in vivo in the ruminant, 
it appears that the comparative slaughter technique is the most reliable 
method to determine body composition. Complete analysis of the body is 
unnecessary since the entire composition can be resolved if either the fat 
or water is known. These can be determined from measurements of specific 
gravity of the body (Behnke e¢ al., 1942). Validation of this method of 
determining body composition has been obtained by Rathbun and Pace 
(1945) with guinea pigs and DaCosta and Clayton (1950) with rats. 
Kraybill et al. (1952) have extended the technique to beef cattle. Garrett 


1 Approved by the Director of the Hawaii Agricultural Experiment Station as Technical Paper 
No. 458. 

2 This work was partially supported by grants from Hawaiian Pineapple Company, Hawaiian Sugar 
Planters’ Association, Pacific Molasses Company and the Territorial Cattlemen’s Council. 

3 On leave from the Department of Animal Husbandry, University of California, Davis. 

* Department of Animal Science. 
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et al. (1959a) used the method in a study of energy requirements of beef 
cattle. Kraybill e¢ al. (1952) do not give the relationship of specific gravity 
to total body fat but only to separable fat. The specific gravity was, how- 
ever, closely related to body water (r—0.984). In fact, this study and that 
of DaCosta and Clayton (1950) show that specific gravity is a somewhat 
better indication of body water than of body fat. It is possible, therefore, 
to predict the body water from specific gravity by the equation of Kraybill 
et al. (1952). Although body water was estimated by these workers by the 
antipyrine dilution technique their results appear to be reliable. The total 
body fat can be predicted from body water by the equation of Reid e¢ al. 
(1955). The remainder of the body composition can also be resolved by 
equations derived by the latter workers. From a comparison of an initial 
slaughter group with all animals slaughtered at the conclusion of the trial, 
the composition of the weight gain can be determined. By applying the 
appropriate energy values of fat and protein, the energy gain can be 
determined. 

The studies reported herein were designed to adapt this method to the 
determination of the NE value of blackstrap molasses for fattening beef 
steers. 

Development of the Method. Net energy can be determined by feeding 
the ration in question at two levels and determining the energy gain brought 
about by the feed increment. This method has been used by the authors with 
dairy cattle (Lofgreen and Otagaki, 1960). The relationship can be 
expressed: 


NE,;=NE2.—NE; (1) 


where NE; is the net energy of the feed increment or the difference in feed 
intake at level two minus that at level one and NE» and NE, are the net 
energy values of the ration at levels two and one, respectively. Since NE 
is equal to the energy expended for maintenance (M) plus that in the body 
weight gain (G), the expression can be written: 


NE; =(M2+G2)—(Mi+G;) (2) 
=M.—M,+G.—G, (3) 


Since the ration is fed at two levels, one group will gain more rapidly than 
the other and the mean weight and consequently the maintenance require- 
ment will be different for the two groups. The maintenance requirement for 
energy is known to be proportional to metabolic body size (Brody, 1945; 
Kleiber, 1932) and a convenient and accurate expression of metabolic body 
size is W*/4 where W is body weight. If expressed per unit of metabolic 
body size, the maintenance requirement of groups one and two will be 
equal and equation (3), therefore, becomes: 


NE,—G.—G, (4) 


where NE; is the net energy of the feed increment per unit of metabolic 
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bo<y size and Gy and G;, are the energy gains per unit of metabolic body 
siz? of groups two and one, respectively. 

ity use of equation (4), the NE of a basal ration can be determined. If 
molasses is added to the basal ration and fed at a level so that the con- 
sumption of the basal ration per unit of W*/* will be equal to or greater 
than that of the restricted basal lot, the NE of the molasses can be deter- 
mine 1 by difference. If the consumption of the basal ration per unit of W*/4 
of the lot fed basal plus molasses is equal to that of the restricted basal 
lot. the feed increment is entirely molasses and the difference in energy 
gain of the two lots would be due entirely to the molasses and the caloric 
value of the energy gain would represent the NE of the molasses fed. If 
the consumption of basal is greater than the restricted basal lot, the feed 
increment will consist of both basal and molasses. In this case, however, 
the NE of the basal is known and the NE of the molasses is equal to the 
total energy gain minus the NE of the amount of basal in the feed incre- 
ment. 


Experimental Procedures 


Forty-eight long yearling Hereford steers weighing approximately 670 
lb. in body weight were divided into three groups according to degree of 
fleshing as judged by visual appraisal. This was done for the purpose of 
selecting an initial slaughter group which would be representative of the 
remaining animals. There were 24, 18, and 6 head in the three groups 
according to descending degree of fleshiness. Animals were then randomly 
assigne | to six lots of eight head each with four, three, and one animals 
within each lot coming from the three slaughter groups, respectively. The 
six lots were then randomly assigned to the following six treatments: initial 
slaught*r group, restricted basal ration, basal, basal plus 10% molasses, 
basal plus 25% molasses, and basal plus 40% molasses. The latter four 
lots were allowed to eat ad lib. and the restricted basal lot was fed 60% 
of the consumption per unit of metabolic body size of the lot receiving 
40% molasses. The restricted basal lot, therefore, received the same amount 
of basal per unit of metabolic body size as the lot receiving 40% molasses. 
In this case, the feed increment consisted entirely of molasses. On all other 
treatments, the increment consisted of basal plus molasses. 

The percentage composition of the basal ration consisted of alfalfa meal, 
20.0: bagasse pith, 10.0; pineapple bran, 10.0; rolled barley, 24.0; soybean 
meal, 16.0; cottonseed meal, 16.0; beef tallow, 3.0; dicalcium phosphate, 
0.5; and trace mineralized salt, 0.5. The ration was designed so that the 
lot receiving limited amounts of basal would have sufficient nutrients for 
fattening with the exception of energy. 

The TDN and DE of the basal ration and the basal plus the three levels 
of molasses were determined in conventional digestion trials with mature 
wethers in a 4 x 4 Latin square design. TDN was determined from 
digestible organic matter (Lofgreen, 1953). 
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Animals were fed twice daily with the molasses being freshly mixed into 
the basal ration each day. Feed was weighed for the two feedings im- 
mediately after mixing at which time feed samples were taken for analysis. 
Adjustments in feed allowances were made daily as necessary. 

All lots were placed on their respective treatments for one week prior 
to taking the initial weight to allow for adjustment in fill. Thereafter 
weighings were made every 28 days and at the termination of the experi- 
ment. All animals were weighed individually in the morning before feed- 
ing and after a 12-hour shrink. 

All animals were slaughtered at the conclusion of a 133-day experimental 
feeding period. Since the equations used to predict the water and fat from 
the specific gravity of the dressed carcass are on a whole empty body basis, 
the stomach fill was determined at the time of slaughter. The weight of the 
contents was deducted from the final shrunk weight of the animals to 
determine the whole empty body weight. 

Specific gravity measurements were made on the right quarters of each 
carcass after cooling for four days. Weighings were made in air to the 
nearest 0.5 Ib. on a rail scale. Weighings in water were made to the nearest 
gram by suspending the quarter from a solution balance mounted over a 
tank measuring 4.5 feet in diameter by 6.0 feet in depth. The specific 
gravity of the whole body was predicted from that of the carcass by the 
equation Y—0.9955X—0.0013 where Y and X are the specific gravities 
of the whole body and dressed carcass, respectively, (Kraybill e¢ a/., 1952). 
The water content was estimated from the equation: 





% body water—100 (4.008— i ) 
where Y is defined as above (Kraybill e¢ al., 1952). Body fat was then 
estimated from the equation: 
% body fat—337.88-+0.2406X—188.91 log X 


where X is the percent body water (Reid et al., 1955). The protein in the 
fat-free dry matter and the protein in the whole body were estimated from 
the equations of Reid et al. (1955); 


P=80.93—0.00101Z 


where P is the percent protein in the fat-free dry matter and Z is the age 
of the animals in days, and 


P,=P (% fat-free dry matter) 


where P, is the percent protein in the whole body. 

The percent body fat and protein determined in this manner for the 
initial slaughter group were used to estimate the initial composition of the 
steers remaining on the experiment. The values for specific gravity, body 
fat and protein of the initial slaughter group which were used to determine 
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the initial composition of the other five lots are shown in table 1. From the 
body composition at the termination of the 133-day feeding period, the 
gain in fat and protein were calculated. The caloric value of fat and protein 
were considered to be 9367 kcal. per kg. of fat (Blaxter and Rook, 1953) 
and 5686 kcal. per kg. of protein (Garrett, 1958). NE in the rations was 
calculated by use of equation (4). 

The composition of the molasses is presented in table 2 and the complete 
rations in table 3. 


Results and Discussion 


Table 4 contains the data on initial and final body composition and the 
amount of fat, protein and energy gained. The addition of 10% molasses 


TABLE 1. COMPOSITION OF INITIAL SLAUGHTER GROUP 








Slaughter group 
Weighted 





Item 





No. of head in group 
No. of head slaughtered 
Carcass specific gravity 
Body fat, % 

Body protein, % 

Body water, % 





TABLE 2. COMPOSITION 








Item 





Moisture, % 
Ash, % 

Degrees Brix 
Total sugars, % 
Crude protein, % 





® The molasses analyses were made by the Hawaiian Sugar Planters’ Association Experiment Station, 
Honolulu. 


TABLE 3. COMPOSITION * OF RATIONS 








Digestible 
Dry Crude Gross crude 
Ration matter protein energy protein DE 


% % Kcal./gm. % Kcal./gm. 
Basal 88.1 21.9 3.878 15.6 2.863 





Basal plus: 
10% molasses . 20. 3.789 sf 2.863 
25% molasses : : 3.671 : 2.841 
40% molasses 3. 4.9 3.478 9. 2:753 





® As-fed basis. 
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to the basal ration resulted in a significant increase in the percent fat and 
a significant decrease in the percent protein in the body compared to any 
other treatment. The 25 and 40% molasses treatments resulted in a 
significantly lower fat content than either the basal or the 10% molasses 
but there was no significant difference in the protein percentage of the 
basal and the two higher molasses levels. If the initial body composition of 
all lots can be assumed to be equal, then the final differences indicate a 
difference in the composition of the body weight gain among the various 
treatments. 


TABLE 4. THE DETERMINATION OF ENERGY GAINED 








Ration 
Basal plus Basal plus Basal plus 
Restricted Ad lib. 10% 25% 40% 
Category of interest basal molasses molasses: molasses 








Initial empty body weight, kg. : 4 303.7 298.3 291.9 
Percent fat : .0 12.0 12.0 12.0 
Percent protein : NY 19.2 19.2 19.2 
Weight of fat, kg. 3. ; 36.44 35.80 35.03 
Weight of protein, kg. : , 58.31 57527 .04 


Final empty body weight, kg. 
Percent fat 
Percent protein 
Weight of fat, kg. 
Weight of protein, kg. 


Gain in fat, kg. 
Gain in protein, kg. 


Energy in fat gain, mcal. : 519. 
Energy in protein gain, mcal. re 125. 
Total energy gain, mcal. ; 645 
Daily energy gain, kcal. : 4850 





Table 5 presents the information on daily feed, TDN and DE intakes, 
body weight gains and efficiency. The addition of 10% molasses resulted in 
a significant increase in the total feed, TDN and DE intakes while the 25 
and 40% molasses caused a highly significant decrease in consumption. 
This, of couse, might be altered by the type of ration to which the molasses 
is added. 

It is interesting to note that there is little difference in the weight gain 
per pound of feed or per 100 megacalories (mcal.) of DE between the ad lib. 
basal and the 10% molasses. The energy gained per unit of feed or DE 
intake is, however, 18% greater for the 10% molasses ration. This is 
important in pointing out that feed efficiency values from feeding trials 
may lead to erroneous conclusions unless the composition of the gain is 
considered in some manner. This is even more vividly emphasized by a 
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comparison of the lot allowed to eat the basal ad lib. with the restricted 
lot. The ad lib. lot gained 56% more weight per unit of DE intake than the 
restricted lot but gained 286% more energy. A comparison of the 10% 
molasses with the two higher levels of molasses shows that the gain in 
weight was 16 and 20% greater per unit of DE intake while the energy gain 
was 42 and 43% greater on the 10% molasses ration than the 25 and 40% 
rations, respectively. The quantitative difference in the composition of the 


TABLE 5. FEED INTAKE, GAIN AND EFFICIENCY 








Ration 








Basal plus Basal plus Basal plus 
Restricted Ad lib. 10% 25% 40% 
Category of interest basal basal molasses m«lasses molasses 





Initial empty body weight, Ib. 606 644 669 657 


Feed intake: 
Pounds per head per day 10.0 244” a3 
Percent of mean shrunk 
body weight : 25 


TDN intake, lb./day 6.¢ 11. 
DE intake, mcal./day 33 K FI 
Daily body weight gain, Ib. 0.65 : ie 
Daily energy gain, kcal. 


Efficiency: 
Weight gain per 100 Ib. 
of feed, Ib. ; 10.1 
Energy gain per 100 lb.. 
of feed, mcal. 5.4 21.9 
Weight gain per 100 mcal. 
DE, lb. 5.0 7.8 3 6.8 
Energy gain per 100 mcal. 
DE, mcal. 4.4 17.0 20.0 14.1 





a,b, © Values in the same category having the same superscripts are not significantly different by 
Duncan’s multiple range test (1955). 


weight gain is presented in table 6. The difference in composition of the 
gain of the lot fed the 10% molasses ration and the lot fed the basal ad lib. 
is emphasized by the facts that while there were no significant differences 
in the total weight or protein gained by the two lots, there was a highly 
significant difference in the fat gained. The gain contained approximately 
50.6 and 41.2% fat for the 10% molasses and the ad lib. basal lots, respec- 
tively. It can be noted that the composition of the gain of the ad lib. basal 
and the 25 and 40% molasses lots was quite similar although the ad lib. 
basal lot gained highly significantly more total weight, fat, and protein. 
The energy per pound of gain was not far different. The low fat and high 
water content of the gain of the restricted group resulted in a very low 
energy per pound of gain for this group. The steers on the ad lib. basal 
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TABLE 6. COMPOSITION OF THE WEIGHT GAIN 








Basal plus: 





Restricted Ad. lib. 10% 25% 40% 
Category of interest basal basal molasses molasses molasses 





Total body weight gain, kg. 39.5 134.8° 148.9" 325° 90.8” 
Fat gain, kg. 3317 55.48* 15.35" .90° 35.00° 
Protein gain, kg. 7.58 22.04" 21.80° ; 1552" 
Percent fat in gain 8.0 41.2 50.6 ‘ 38.5 
Percent protein in gain 19.2 16.4 14.6 Z 1 fea 
Percent water and ash in gain 72.8 42.4 34.8 : 44.4 
Energy per Ib. of 

weight gain, kcal. 842 2175 2526 2072 2086 





a,b, ¢ Values in the same category having the same superscripts are not significantly different by 
Duncan’s multiple range test (1955). 


ration and those receiving the two higher levels of molasses stored slightly 
over 2000 kcal. of energy per pound of weight gain. By way of comparison 
those of Garrett e¢ al. (1959a) stored 1900 kcal. per pound of gain while 
gaining just under 2 lb. per day. The steers on the 10% molasses ration, 
however, stored about 25% more energy per pound of gain. 

The estimation of the net energy of the basal ration and of the molasses 
when fed at the three levels is shown in tables 7 and 8. The NE of the 
basal ration is somewhat lower than would be calculated from the estimated 


net energy values of the individual ingredients (Morrison, 1956). The 
method used to determine NE in this study involves the increment only 
rather than the entire ration. Thus any difference which occurs in the total 
NE of the basal fed at the two levels is attributed to the difference in the 
intake of the two lots, that is, the feed increment. One would expect the 
total NE of the restricted basal to be higher per pound than the basal fed 


TABLE 7. CALCULATION OF THE NET ENERGY OF THE BASAL RATION 
FCR FATTENING 








Ration 





Category of interest Ad lib. basal Restricted basal 


Mean body weight, lb. (W) 874 707 
Metabolic body size, Ib. (W**) 160.7 $37.1 
Total feed intake, lb. (F) 2936 1334 
F/w** 18.27 9.73 
Total energy gain, mcal. (G) 645.07 72.79 
G/w*"* 0.014 0.531 
Feed increment (F;), Ib. (18.27-9.73) 8.54 be 
Energy gain produced by F;, meal. (4.014-0.531) 3.483 


Net energy of basal ration: 
Mcal. per 100 Ib. [100°(3.483/8.54) ] 40.8 
Kceal. per gm. 
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at a higher level of intake since the restricted lot is closer to maintenance 
and the NE of a feed is generally higher for maintenance than for produc- 
tion. If the maintenance requirement is calculated according to the equa- 
tion suggested by Garrett e¢ al. (1959a) for the two lots of steers and 
added to the energy gained, it can be determined that the restricted basal 
ration had a NE of 53.5 mcal. per 100 lb. while the same ration fed at a 
full allowance had a NE of 47.4 mcal. per 100 lb. for maintenance and 
gain. The NE of the increment must thus be approximately 40.5 mcal. per 


TABLE 8. CALCULATION OF THE NET ENERGY OF MOLASSES 
FOR FATTENING 











Basal plus: 





Restricted 10% 25% 40% 
Category of interest basal molasses molasses molasses 





Mean body weight, lb. (W) 707 902 810 784 
Metabolic body size, Ib. (W*) 137.1 164.5 151.8 148.2 
Total feed intake, lb. (F) 1334 3199 2369 2404 
F/Ww*"* 9.73 19.4: 15.61 16.22 
Total energy gain, mcal. (G) 72.79 829. 427.26 416.10 
G/w*"* 0.531 2.815 808 
Feed increment, Ib. (Fi) hats i 5.88 .49 
Molasses in F; (% molasses x F/W*"*), Ib. i : 3.90 49 
Basal in F; (F; less molasses in F; ), lb. Nie ii . 980 

Energy gain produced by F; mcal. eBied Sid . 284 saan 
Energy in basal in F;, mcal.* tees ; 0.808 

Energy in molasses in F;, mcal.” 


Net energy of molasses for fattening: 
Mcal. per 100 Ib.° 
Kcal. per gm. 





® Basal at 0.408 mcal. per Ib. See table 7. 
b Energy gain produced by Fi less energy in basal in Fi. 
© 100 x energy in molasses in Fi 





Molasses in Fi 


100 Ib. to account for the drop from 53.5 to 47.4. The NE of the feed incre- 
ment determined in this manner more closely represents the NE of the 
ration for fattening independent of maintenance while the values of 53.5 
and 47.4 mcal. represent the NE for maintenance and gain when fed at the 
two respective levels. 

The NE of 68.9 for molasses when fed at a 10% level with this basal is 
considerably above the average estimated value given by Morrison (1956) 
for beef cattle. The value of 10% molasses for fattening was as high in 
this study as that reported by the authors for this same molasses when fed 
for milk production at a level of 10% (Lofgreen and Otagaki, 1960). In 
this experiment, therefore, molasses at 10% had a relatively high NE for 
fattening. As the level was increased to 25 and 40%, however, the NE was 
reduced by almost 100%. The level of molasses fed is, therefore, of impor- 
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TABLE 9. ENERGY VALUE OF MOLASSES AT VARIOUS LEVELS 








Total 
digestible 
Molasses fed at nutrients Digestible energy Net energy 





Ib./100 lb. Kcal./gm. Mcal./100 Keal./gm. Mcal./100 
Ib. Ib. 
10% of ration : 2.863 130 1.518 68.9 
25% of ration 2 2.775 126 0.833 37.8 
40% of ration - 2.599 118 0.773 35:1 





tance when considering its energy value for fattening. At the 10% level, 
the animals consumed an average of 2.4 lb. of molasses per day while at the 
25 and 40% levels the consumption was approximately 4.5 and 7.2 lb. per 
head per day, respectively. 

A summary of the TDN, DE and NE of the molasses when fed at 10, 
25 and 49% is given in table 9. There is a slight decline in the TDN and 
DE of molasses as the amount increased. Either of these measures of feed 
energy underestimates the value of molasses fed at the 10% level in com- 
parison to the basal ration and greatly overestimates its value at 25 and 
40%. 

Table 10 represents the relationship of the three measures of feed energy 
to each other. The relationship of DE to TDN is in good agreement with 
the average value of 2000 kcal. of DE per pound of TDN in common use 
today (Swift, 1957a). The value of 1.08 mcal. of NE per pound of TDN and 
the 0.53 kcal. of NE per kcal. of DE for the molasses fed at 10% compares 
favorably with the cereal grains while the ratios of NE to TDN or DE at 
the two higher levels of feeding reflect the large loss in NE while the TDN 
and DE drop only slightly. This emphasizes the inadequacy of TDN or 
DE as usually determined in predicting the true productive value of feeds 
in mixed rations. The small increase: in fecal energy loss on the higher 
levels of molasses is not nearly sufficient to account for the large loss in 
NE. The present study does not indicate at what point this loss occurs. 
One possibility of at least a partial explanation lies in the fact that in 
routine digestion trials the rations are fed in amounts below maximum con- 
sumption. It is known that level of intake has an effect upon the digestibility 
of some feeds but it is normally felt this effect is small. It is possible with 
molasses, however, that the animals on ad lib. consumption in the feeding 


TABLE 10. THE RELATIONSHIP OF VARIOUS MEASURES OF FEED ENERGY 








Molasses fed at DE/TDN NE/TDN NE/DE 


mcal./Ib. mcal./Ib. kcal./kcal. 
10% of ration 2.08 1.08 
25% of ration 2.03 0.61 
40% of ration 1.99 0.59 
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trial and eating at higher levels than those on digestion trials may not 
digest the ration to the same degree. If, however, the digestibility of the 
energy as determined in the digestion trial is a good measure of the digest- 
ibility of the rations when fed to the steers on ad lib. consumption, the 
increase in energy loss on the higher levels of molasses must occur after 
digestion. This means there would have to be an increase in the energy 
loss in the urine, combustible gas or in the heat increment. Further study 
is needed before the actual point of increased loss can be identified. 


Summary 


The net energy of blackstrap molasses for fattening has been determined 
by use of the comparative slaughter technique. 

The feeding of molasses at 10% in the ration significantly increased fat 
deposition while not significantly increasing total gain over the basal ration. 
Molasses at 25 and 40% levels resulted in lower rates of gain and lower 
fat deposition than the basal but the composition of the gain was not 
different from that produced by the basal ration. 

The NE of the basal ration and of molasses fed at 10, 25 and 40% in 
the ration was 40.8, 68.9, 37.8 and 35.1 mcal. per 100 Ib., respectively. 
The corresponding TDN levels were 63.5, 62.5, 62.0 and 59.3% and those 
for DE were 130, 130, 126 and 118 mcal. per 100 Ib. The small increase in 
fecal energy loss was not sufficient to account for the large loss in NE when 
molasses was increased from 10 to 25 and 40% levels. 
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EFFECT OF HIGH PROTEIN, HIGH FAT AND HIGH SUCROSE 
RATIONS ON THE WATER-BINDING AND ASSOCIATED 
PROPERTIES OF PORK MUSCLE? ? 


E. J. Briskey, R. W. Bray, W. G. Hoexstra, P. H. PHILLIPS AND 
R. H. GRUMMER 


University of Wisconsin, Madison 


_ Nprrenaage pork muscles are essentially dark and dry in appearance at the 
time of slaughter (Briskey e¢ al., 1959). During post-mortem chilling, 
the pH is lowered, (depending in part on the amount of glycogen present) 
and the water-binding capacity and color intensity are decreased (Bate- 
Smith, 1948; Ludvigsen, 1954; Wismer-Pedersen, 1959; Lawrie, 1953, 
1955, 1958; Hamm, 1955, 1959; Briskey e¢ al., 1958, 1959). It has been 
shown that exhaustive exercise prior to slaughter decreases the amount of 
muscle glycogen (Howard and Lawrie, 1956; Bate-Smith, 1936; Briskey 
et al., 1958). Studies with sucrose feeding by Wilcox et al. (1953), Lud- 
vigsen (1954), Briskey eé al. (1959) and Wismer-Pedersen (1959) have 
shown major increases in the glycogen concentration of the musculature of 
swine due to this treatment. 

This paper presents data showing the effect of feeding various rations 
and/or administering exhaustive exercise to swine on the water-binding 
properties of pork muscle. 


Experimental 


Forty Poland China barrows ranging in weight from (190 to 240 lb.) 
were secured from commercial sources, fed a 14% protein basal ration for 
a two-week period, stratified according to weight, and then randomly 
allotted into four lots of 10 pigs each. The pigs were individually fed one 
of the following experimental rations for a two-week period: 

All the rations contained corn, oats, tankage, alfalfa meal, dried skimmilk 
and soybean oil meal. Lot I received ration I, a 14% basal ration and served 
as the control for this experiment. Lot II received ration II, a low carbohy- 
drate ration. Lot III received ration III, a 14% protein ration that was 
considered medium in fat (1% of the fat content of ration II) and medium 
in sucrose (1% of the sucrose content of ration IV); Lot IV received ration 
IV, a 14% protein-50% sucrose ration. 

At the conclusion of the feeding period, five barrows from each lot were 
exercised to exhaustion immediately prior to slaughter. The exercise was 
administered through the use of a mechanical exerciser which controlled 

1 Published with the approval of the Director of the Wisconsin Agricultural Experiment Station. 
2 This investigation was supported, in part, by a research grant (RG—5725) from the Department 
of Health, Education and Welfare, Public Health Service, National Institutes of Health and by a 


grant from Armour and Company. 
8 Departments of Animal Husbandry and Biochemistry, co-operating. 
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the speed and duration of the exercise (Finner et al., 1957). A slaughter 
schedule was followed which included one exercised and one unexercised 
pig from each lot per slaughter day. 

As the animals were bled, samples from the gluteus medius, biceps femoris 
and rectus femoris muscles were removed from the right ham. pH values 
were determined and the samples were taken for subsequent glycogen 
analysis. After the carcasses were chilled for a 24-hour period at 34-38 ° 
F., the left hams were removed by cutting between the second and third 
sacral vertebra, perpendicular to the shank. The exposed ham butt muscles 
were classified in accordance with the following muscle description: 

1. “Pale” muscles were pale in color, soft and watery in structure and 
possessed loose intermuscular binding. 

2. “Pale-two-toned” muscles adjacent to the bone were dark in color 


TABLE 1. EXPERIMENTAL RATIONS 








Ration III Ration IV 
Ration I Ration IT 14% protein, 14% protein, 
14% protein, 30% protein, 15% fat, 50% sucrose, 
Ingredients 4.2% fat 30% fat 25% sucrose 1.7% fat 


To Jo % 


Corn : S, 
Oats 3. 8 
Tankage ; 28. 
Alfalfa meal , 4. 
Dried skimmilk a 8 
Soybean oil meal : 19 
Fat ee 26. 
Sucrose 





a) 
MAAWORWOR 
oooooco°cjoe 


eo 





while the large outer muscles were pale, soft in structure and moderately 
watery immediately after cutting. 

3. “Normal” muscles were uniform in color (grayish-pink) and mod- 
erately firm in structure. 

4. “Two-toned dark” muscles were slightly two-toned, however, both 
muscles were dark in color and moderately firm in structure. 

5. “Dark” muscles were firm in structure and moderately to extremely 
dark in color. Muscles were dry immediately after cutting. 

This system differs from others previously reported in that a two-toned 
dark class was added. 

Chilled samples (24 hour) were removed from the gluteus medius, 
biceps femoris, rectus femoris, pectoralis profundus and longissimus dorsi 
from the left side of the carcass. 

The pH, glycogen, ether extract, myoglobin, total moisture and expres- 
sible water determinations were conducted by the methods previously 
described (Briskey, et a/., in press). The data were analyzed statistically by 
the analysis of variance method as outlined by Snedecor (1950). 
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Results and Discussion 


The effects of various treatments on pork muscle appearance are shown 
in table 2. These data support the previous finding (Briskey et al., 1959) 
that pork muscles are uniformily dark and dry in appearance at the time of 
slaughter. The chilled hams (24 hours after slaughter) from the unexercised 
hogs in Lot I (basal), unexercised hogs in Lot III (medium fat and medium 
sucrose) and exercised and unexercised hogs in Lot IV (high sucrose), were 
lighter in color and more “watery” in appearance than those from the 


TABLE 2. EFFECT OF VARIOUS RATIONS AND EXERCISE ON FEED INTAKE 
AND PORK MUSCLE APPEARANCE 








Fresh” Chilled” Biceps Rectus 
ham ham femoris, femoris, 
classi- classi- color color 
Lot and ration ; fication fication score © score * 





Lot I (Basal) 
Unexercised 
Exercised 


Lot II (High protein, high fat) 
Unexercised 
Exercised 

Lot III (Med. fat, med. sucrose) 
Unexercised 
Exercised 

Lot IV (High sucrose) 
Unexercised 
Exercised 





® Average lb. of feed consumed/pig/day for each lot. 
> Ham muscle classes: 1—Pale; 2—Pale=two toned; 3—Normal; 4—Two-toned dark; 5—Dark. 
© Color scores represent the color intensity of the gluteus medius muscles of the ham muscle 
classes (b). 
* Significantly different, (P<0.05) from the underlined observation(s). 
** Significantly different, (P<0.01) from the underlined observation(s). 


exercised hogs in Lots I, II and III and the unexercised hogs in Lot II. 
These results support the data recently reported by Wismer-Pedersen 
(1959) on the effects of sugar feeding on the pH, color and texture of the 
muscle. He reported that the ultimate pH values were lower and the 
color and texture of the meat were generally inferior in the hams from the 
sugar-fed pigs. Similar data were reported by Briskey e¢ al. (1958) and 
Lewis et al. (1958). 

The color score data (table 2) for the biceps femoris and rectus femoris 
also imply that the characteristics of the exposed end of the ham (classifica- 
tion) carry through to other large muscles within the ham. This is evident 
from the alignment of low color scores with low ham color classifications. 

Tables 3, 4 and 5 summarize the effects of feeding these rations and of 
exercise on several of the water-binding properties of the gluteus medius, 





PROPERTIES OF PorK MUSCLE 407 


biceps femoris and rectus femoris pork muscles. Exhaustive exercise raised 
the 24-hour muscle pH regardless of ration; however, it was most effective 
for the lots fed the sucrose-free rations (I and II). This correlates with 
the lower glycogen concentrations in muscles from hogs fed the sucrose-free 
rations (Lot I and Lot II) compared to those from the sucrose-fed lots 
(III and IV). However, although exercise reduced the muscle glycogen con- 
centration in the ham muscles from hogs in Lots III and IV, the remaining 


TABLE 3. EFFECT OF VARIOUS RATIONS AND EXERCISE ON CERTAIN 
PROPERTIES OF THE GLUTEUS MEDIUS PORK MUSCLE 








Characteristic 





Total Myo- 
Glycogen” Exp. H:O- Fat globin 
Lot and ration pH* (mg./gm.) HO"* (%) (%) (mg./gm.) 





Lot I (Basal) 
Unexercised 5.62". 14.26" 60:49 72.48 - 3.26" 2008 
Exercised ° 586°" 4165" S801" Fc 4t 4 Se 


Lot II (High protein, high fat) 
Unexercised 5.870" AG OT" SGCOR 72027 |: 4259 ace 
Exercised S057" -QcS7P* -$2-36"? 72580" (S86 2506 


Lot III (Med. fat, med. sucrose) 
Unexercised ; 22.09 67:19") “72. .26 ‘52 
Exercised Si. 9:18": S724". 72. .20 .58 


Lot IV (High sucrose) 
Unexercised 5.42 22.47 Ke Yi .69 43 
Exercised 5.59 43.40" ‘ 70. 93 .28 





« At 24 hr. after slaughter. 
» Fat-free, dry tissue (at time of slaughter.) 
¢ Expressible H2O as a percentage of total HeO determined by a modification of the ‘Filter Paper 
Moisture Absorption” technique described by Graw and Hamm (1953). 
4 Milligrams of myoglobin per gram of tissue (fat-free, dry weight) with the assumption of equal 
distribution within the water phase of the supernatants and residues of the first extraction. 
¢ Exercised to exhaustion immediately prior to slaughter. 
* Significantly different, (P<0.05) from the underlined observation(s). 
** Significantly different, (P<0.01) from the underlined observation(s). 


glycogen content following exercise closely approximated the quantity found 
in the ham muscles of the basal, unexercised lot. These data are in agree- 
ment with many other reports in this area. Bate-Smith (1936) found that 
feeding an easily digestible carbohydrate increased muscle glycogen deposi- 
tion. Callow and Moran (1938) reported definite effects of walking, running 
or standing on the glycogen store of the muscle. Gibbons and Rose (1950) 
demonstrated that pork with low and uniform pH was produced by feeding 
3 Ib. of sugar prior to slaughter. Ludvigsen (1955) reported that the car- 
bohydrate content of the ration consumed was significantly related to the 
carbohydrate content of the muscle. This is in direct support of the work 
reported herein. Lot II which received a low carbohydrate ration contained 
a reduced quantity of glycogen at the time of slaughter. These data further 
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substantiate the recent findings of Wismer-Pedersen (1959) which showed 
that a fresh glycogen content of about 0.45% resulted in ultimate pH values 
of 5.35-5.45. Lower glycogen concentrations gave considerable variation 
in pH as was also found in this experiment. Wismer-Pedersen (1959) also 
noted apparent variations in pH between weeks of the experiment. The 
authors have also observed this variation in the present as well as previous 
experiments. It was also observed that this variation was especially great 
between days or periods representing major environmental changes, 


TABLE 4. EFFECT OF VARIOUS RATIONS AND EXERCISE ON CERTAIN 
PROPERTIES OF THE BICEPS FEMORIS PORK MUSCLE 








Characteristic 





Total Myo- 
Glycogen” Exp. H:O- Fat _— giobin® 
Lot and ration pH* (mg./gm.) HsO"° (%) (%) (mg./gm.) 





Lot I (Basal) 
Unexercised ; 19.72 i 73.19 
Exercised ° 45 Pe jas : 70.09 


Lot II (High protein, high fat) 
Unexercised 5 10.19" | $7. 71.63 
Exercised Sk hada ] 72.96 

Lot III (Med. fat, med. sucrose) 
Unexercised 
Exercised 

Lot IV (High sucrose) 
Unexercised 
Exercised 


_ 

° 
% 
* 


un 
wn 
oO 


72.59 
73.5 


un 
ie) 
°o 


72.07 
71. 


Unyur 
“iO 
un| > 
un 





® At 24 hr. after slaughter. 

» Fat-free, dry tissue (at time of slaughter.) 

¢ Expressible HeO as a percentage of total HeO determined by a modification of the ‘‘Filter Paper 
Moisture Absorption’? technique described by Graw and Hamm (1953). 

4 Milligrams of myoglobin per gram of tissue (fat-free, dry weight) with the assumption of equal 
distribution within the water phase of the supernatants and residues of the first extraction. 

e Exercised to exhaustion immediately prior to slaughter. 

* Significantly different, (P<0.05) from the underlined observation(s) . 

** Significantly different, (P<0.01) from the underlined observation(s). 


The percentages of expressible H2O reported in tables 3, 4 and 5 are 
partially explainable in terms of their respective glycogen concentrations 
and pH values. Significant correlations between these values have been 
reported by Briskey et al. (1960). The total H2O and fat data show several 
differences between muscles (Briskey et al., in press) but do not vary 
significantly as a result of ration or treatment. 

Myoglobin values reportedly vary with type of muscle, age, activity and 
several other factors but do not necessarily differ as a result of type and 
level of feeding (Shenk e¢ al., 1934). These data support this statement. 
The myoglobin values differed between muscles; however, individual mus- 
cles did not vary significantly regardless of ration or treatment. The rela- 





PROPERTIES OF PorK MUSCLE 409 


TABLE 5. EFFECT OF VARIOUS RATIONS AND EXERCISE ON CERTAIN 
PROPERTIES OF THE RECTUS FEMORIS PORK MUSCLE 








Characteristic 





Total Myo- 
Glycogen” Exp. H:O- Fat globin’ 
Lot and ration pH* (mg./gm.) HO"* (%) (%) (mg./gm.) 


Lot I (Basal) 
Unexercised 5: 11.99 56.84 75.01 


Exercised ° a: 3.91* 46.08 74.76 
Lot II (High protein, high fat) 

Unexercised Z $562. 74.37 

Exercised : 48.72 74.52 


Lot III (Med. fat, med. sucrose) 
Unexercised : 56.03 76.01 
Exercised : 49:12. 75.38 


Lot IV (High sucrose) 
Unexercised ; P 60.08* 74.92 2.09 
Exercised 6.147 : 52.98 74.68 2.28 


® At 24 hr. after slaughter. 

> Fat-free, dry tissue (at time of slaughter). 

¢ Expressible H2O as a percentage of total H2O determined by a modification of the ‘Filter Paper 
Moisture Absorption” technique described by Graw and Hamm (1953). 

4 Milligrams of myoglobin per gram of tissue (fat-free, dry weight) with the assumption of equal 
distribution within the water phase of the supernatants and residues of the first extraction. 

e Exercised to exhaustion immediately prior to slaughter. 

* Significantly different, (P<0.05) from the underlined observation(s). 








TABLE 6. EFFECT OF VARIOUS RATIONS AND EXERCISE ON CERTAIN 
WATER-BINDING PROPERTIES OF THE PECTORALIS PROFOUNDUS 
PORK MUSCLE 








Characteristic 





Myo- 
Exp. Total H:O Fat blobin ° 
Lot and ration ‘H.0*” (%) (%)  (mg./gm.) 


Lot I (Basal) 
Unexercised 81 52.47 69.31 9.21 3.61 
Exercised .80 51.96 67.39 8.78 2.06 
Lot II (High protein, high fat) 
Unexercised .82 5.21 66.80 47 36 
Exercised .93 .78 69.92 .06 .18 


Lot III (Med. fat, med. sucrose) 
Unexercised .67 : 69.45 .87 .01 
Exercised .91 : 70.60 cat .54 


Lot IV (High sucrose) 

Unexercised 5.62 54. 68.36 9.62 3.24 

Exercised 5.66 53.5 66.90 11.39 3.13 

* At 24 hr. after slaughter. 

» Expressible H2O as a percentage of total HeO determined by a modification of the ‘‘Filter Paper 
Moisture Absorption” technique described by Graw and Hamm (1953). 

© Milligrams of myoglobin per gram of tissue (fat-free, dry weight) with the assumption of equal 
distribution within the water phase of the supernatants and residues of the first extraction. 
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tionship of myoglobin to pH and the interrelationships between pH, expres- 
sible HO, color and myoglobin have been critically discussed (Briskey 
et al., in press). 

The water-binding characteristics for the pectoralis profundus are shown 
in table 6. As in the case of the rectus femoris this muscle did not respond 
as strikingly to ration treatment as the biceps femoris and gluteus medius. 
This emphasizes the importance of selecting specific muscles if ration 
response is to be noted. It also offers one explanation of why some reports 
have failed to show major differences in bacon qualities due to sugar feed- 
ing. Further studies must be conducted into the carbohydrate metabolism 
of the pig before these responses can be completely acknowledged and 
understood. 


Summary 


Forty Poland China barrows (190-240 lb.) were allotted into four lots 
and assigned rations which varied in level of fat and carbohydrate. After 
a two-week feeding period, five hogs from each lot were exercised to exhaus- 
tion immediately prior to slaughter. 

Hams from the exercised hogs were significantly darker in color and 
firmer in structure than those from the unexercised hogs regardless of 
ration; however, the darkest hams appeared in the low carbohydrate lot 
(Lot IT). A low carbohydrate ration was effective in experimentally produc- 


ing hams which were darker in appearance and firmer in structure than 
their respective controls. Conversely medium and high sucrose rations 
produced hams which were lighter in color and softer in structure than their 
controls. The rations and exercise significantly altered the color, pH, gly- 
cogen and expressible H2O values of the gluteus medius and biceps femoris 
but had a smaller effect on the characteristics of the rectus femoris and the 
pectoralis projundus. 
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CONTROL OF ESTRUS AND OVULATION IN GILTS BY 
ORALLY EFFECTIVE PROGESTATIONAL COMPOUNDS 


JoHN E. NELLOoR 
Michigan State University, East Lansing 


PRACTICAL method for the control of the estrous cycle in domestic 

animals is not available although reports in the literature demonstrate 
this achievement at the research level. The purpose of this paper is to 
present a method of controlling estrus and ovulation in swine that involves 
a minimal insult to herd management and animal welfare. 

Daily injections of progesterone in oil have been shown by Dutt and 
Casida (1948), Christian and Casida (1948) and Ulberg e¢ al. (1951) to 
inhibit estrus and ovulation in the ewe, cow and gilt, respectively. Estrus 
occurred in the gilt 6 to 7 days after the cessation of daily injections of 
100 mg. of progesterone. The fertility resulting subsequent to the proges- 
terone controlled estrus and ovulation has been reported to be low in the 
ewe (Dutt and Casida, 1948), the cow (Willet, 1950; Trimberger and 
Hansel, 1955) and in gilts (Baker e¢ al., 1954). 

A recent report by Day et al. (1959) refers to the occurrence of estrus 
and ovulation 7 to 41 days after a single injection of gonadotropin as 
“synchronization of estrus and ovulation in swine.” Seven of 16 treated 
gilts came into estrus and ovulated 18 to 23 days following treatment. A 
consideration of the normal estrous cycle length in swine indicates that 5 
of 16 non-treated gilts should be in estrus and should ovulate within a 
6-day period, and that all of the gilts should be in estrus within a 23-day 
period. It would seem, since the treated gilts came into estrus 7 to 41 days 
following treatment, that the time of estrus in a group of non-treated gilts 
is more synchronized that that obtained by the treatment. 

A single injection of 560 mg. of crystalline progesterone in starch suspen- 
sion was shown (Nellor and Cole, 1956) to be capable of controlling estrus 
and ovulation in heifers. Single inseminations at the controlled estrus 
resulted in a 20% conception rate. Later studies were initiated in an 
attempt to achieve inhibition of estrus and ovulation in cattle by the addi- 
tion of orally active progestational compound to the normal ration. It has 
been demonstrated that 17-ethinyltestosterone is progestationally effective 
by oral administration, and that 17-alpha-acetoxyprogesterone is 2 to 4 

1 Endocrine Research Unit—Department of Animal Husbandry and of Physiology and Pharma- 
cology. The author acknowledges the valuable assistance of J. E. Ahrenhold, Department of Physiology 
and Pharmacology, the generous cooperation of J. A. Hoefer and G. B. Stafford of the Department of 
Animal Husbandry in obtaining gilts used in this study, and the contributions of L. J. Bratzler and 
R. J. Deans of the Meats Laboratory, Department of Animal Husbandry for arranging the specific 
autopsy times required in this study. This study was supported, in part, and the progestational com- 
pounds and hormones supplied, by The Upjohn Company, Kalamazoo, Michigan. Submitted for 


publication with the approval of the Michigan Agriculture Experiment Station, August 25, 1959, 
as Journal Article No. 2488. 
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times as progestationally active as 17-ethinyltestosterone when administered 
by oral route in rats and rabbits.” A more recently available compound, 6- 
methyl-17-acetoxyprogesterone, is 60 to 80 times as progestationally active 
as 17-alpha-acetoxyprogesterone when administered by oral administration 
in rats and rabbits.? Greenblatt and Barfield (1959) reported effective 
progestational therapy by oral and parenteral administration of 17-alpha- 
acetoxyprogesterone and 6-methyl-17-acetoxyprogesterone in the human. 
It was found, however, that once a day feeding of 1.4 gm. of progestationally 
active compound did not inhibit estrous activity or follicular growth in 
cattle when added to the normal rations (Nellor, 1957). This amount, by 
weight, is approximately 28 times the amount of progesterone necessary 
by daily subcutaneous injection to prevent follicular growth in cattle. 

The purpose of the present study was to investigate the effects of oral 
administration of progestationally active compounds in swine, animals not 
suspected to be as efficient as cattle in inactivating orally administered 
steroids. A prime consideration was to determine whether control of estrus 
and ovulation could be obtained in gilts that were at various stages of the 
estrous cycle. 


Materials and Methods 


Forty-three purebred and crossbred gilts, weighing from 210 to 310 Ib. 
were placed on daily feeding of 17-alpha-acetoxyprogesterone * or 6-methyl- 
17-acetoxyprogesterone * in order to determine the effectiveness in inhibit- 
ing estrus and follicular development. 

The gilts were checked with vasectomized boars previous to treatment 
and were not considered as sexually mature unless an estrous cycle length 
of 18 to 22 days was evident. Twice a day or more frequent checking was 
initiated during and subsequent to the treatment period. 

A standard gestation and lactation ration was fed daily at 8 a.m. The 
compounds to be tested were hand-fed in the morning prior to the standard 
ration, and when twice-a-day feeding was initiated, the compounds were 
hand-fed again at 7 p.m. prior to the feeding of a small amount of the 
standard ration. The crystalline compounds were placed in a small com- 
partment of a corkbored apple and wetted with sesame oil to prevent 
spraying of the crystals upon vigorous mastication of the apple. It was 
possible, by this means of administration, to be sure the gilts consumed 
all of the compound offered. 

The initial trial was designed to determine the amounts of 17-alpha- 
acetoxyprogesterone necessary to prevent the occurrence of estrus in mature 
gilts. Eleven gilts received from 0.9 to 2.0 mg. of 17-alpha-acetoxyproges- 
terone per Ib. body weight daily during the late luteal or early follicular 
stage of the normal estrous cycle. Treatment from this stage of the estrous 

2 Personal communication from The Upjohn Company. 


8 Prodox. Registered trade name, The Upjohn Company, for 17-alpha-acetoxyprogesterone. 
* Provera. Registered trade name, The Upjohn Company, for 6-methyl-17-acetoxyprogesterone. 
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cycle, previous to the follicular growth phase, readily ascertains the proges- 
tational activity of administered compounds, since the next normal estrus 
would be expected within one week if no exogenous influence has been 
exerted. 

The second trial was conducted to determine the progestational effective- 
ness of once- or twice-a-day feeding of 6-methyl-17-acetoxyprogesterone. 
A dosage range of 0.083 to 1.6 mg. of 6-methyl-17-acetoxyprogesterone per 
lb. body weight was either fed by once-a-day feeding at 8 a.m. or by twice- 
a-day feeding at 8 a.m. and 7 p.m. Fifteen mature gilts were placed on 
treatment on the 11- to 16-day of the estrous cycle and were autopsied while 
on treatment on the 21- to 32-day of the estrous cycle, unless estrus 
intervened, in order to determine the extent of follicular inhibition induced 
by the treatment. 

The third trial was concerned with the ability of 6-methyl-17-acetoxy- 
progesterone to inhibit follicular growth when treatment began at various 
stages of the estrous cycle, and, whether estrus would occur in all gilts at 
a definite interval from the cessation of treatment. Would a group of 
gilts that were at unrelated stages of the estrous cycle show what might be 
considered a controlled estrus subsequent to the treatment period? Eight 
gilts at various stages of the estrous cycle received 1.6 mg. of 6-methyl-17- 
acetoxyprogesterone per lb. body weight daily by twice-a-day feeding, for 
24 days. Four gilts were autopsied 4 days after the start of the first post- 
treatment estrus and the ovaries were examined for evidence of recent 
ovulation. 

A fourth trial was conducted with nine immature gilts, 7 months of age, 
that had not shown estrus for 2 months previous to treatment. Although 
pre-treatment estrus was not apparent, a cyclic hyperemia of the external 
genitalia indicated some subthreshold ovarian activity to be present. The 
gilts received 1.6 mg. of 6-methyl-17-acetoxyprogesterone per Ib. body 
weight by twice-a-day feeding for 10 days, an amount shown (in earlier 
trials) to inhibit completely follicular growth in mature gilts. One gilt was 
autopsied 4 days after the end of treatment in order to determine the extent 
of post-inhibitory follicular development. Eight gilts received 200 to 1000 
I.U. of equine gonadotropin * by subcutaneous injection 24 hours after the 
end of progestational treatment and were autopsied 24 to 36 hours after 
the start of the induced estrus. 


Results and Discussion 


An orally effective level of 17-alpha-acetoxyprogesterone was not estab- 
lished that would inhibit estrous activity in all gilts treated at various 
stages of the estrous cycle. Mature gilts, weighing 225 to 310 lb., received 
0.9 to 2.0 mg. of 17-alpha-acetoxyprogesterone per lb. body weight once 
daily. The total amounts of compound fed each day varied from 280 to 


5 Gonadogen. Registered trade name, The Upjohn Company, for pregnant mares serum gonadotropin. 
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508 mg. per gilt. Estrus was inhibited in three of five gilts receiving 0.9 to 
1.0 mg. per lb. body weight and in five of six gilts receiving 2.0 mg. per lb. 
body weight. The three gilts showing estrus during treatment apparently 
were not markedly affected by the treatment and had estrous cycle lengths 
of 22 to 24 days. 

It was assumed that considerably more 17-alpha-acetoxyprogesterone 
would be necessary, on once-a-day feeding, in order to inhibit completely 
estrous activity and follicular growth. For this reason, 6-methyl-17-acetoxy- 


TABLE 1. THE EFFECT OF TWICE-A-DAY FEEDING OF 6-METHYL-17- 
ACETOXYPROGESTERONE UPON ESTRUS AND FOLLICULAR 
DEVELOPMENT IN GILTS 











Dose/1b. 

Weight Treatment perday Feedings End cf 
Gilt no. (Ib.) started“ (mg.) per day” treatment Follicle size ° 
63-12 201 d-15 0.083 1 d-24° 12 Ov. points 
69-7 198 d-13 .083 1 d-21 8 F, 1.0 cm. 
63-10 204 d-11 . 168 1 d-23 12 F, 1-1.2 cm. 
65-7 221 d-13 . 168 1 PRG I i. Me eee ee 
70-11 210 d-14 . 668 1 d—23 19 F, 1 cm. 
65-6 217 d-16 . 668 1 d-25 14 F, 1.2 cm. 
65-7 240 d-12 .668 2 d-26 17 F, 1.2 cm. 
68-5 235 d-13 .668 2 d-27 6 F, 1.0cm.° 
67-15 237 d-15 .800 1 d-21 11 F, 0.9 cm. 
36-11 238 d-15 .800 1 d—26 13 F, 1.2-1.5 cm. 
39-12 238 d-15 . 800 2 d—26 12 F, 0.7 cm. 
68-6 238 d-15 1.00 1 d-21 10 F, 1.0cm. 
84-4 241 d-15 1.00 2 d-29 0.6 cm.‘ 
34-15 218 d-15 1.00 2 d-32 0.6 cm.‘ 
62-7 243 d-15 1.60 2 d-29 0.6 cm.‘ 





* Days from the start of the last normal estrus. 

> The dose of 6-methyl-17-acetoxyprogesterone fed by once- or twice-a-day feeding. 
¢ The number and average size of follicles on both ov aries. 

4 Came into estrus while on treatment. 

© Only one ovary present. 

£ Numerous follicles less than 0.6 cm., inhibition considered complete. 


progesterone, a compound reported to be more progestationally active than 
17-alpha-acetoxyprogesterone when administered by oral route, was admin- 
istered to gilts in subsequent trials. 

Complete inhibition of estrus was obtained when 0.668 mg. or more of 
6-methyl-17-acetoxyprogesterone per lb. body weight was fed once daily to 
mature gilts (table 1). It is possible, however, that lower levels might be 
sufficient to inhibit estrus, since levels between 0.168 mg., where inhibition 
was not complete, and 0.668 mg., where estrus was inhibited, were not 
tested. There was a considerable difference in the amount of 6-methyl-17- 
acetoxyprogesterone necessary to inhibit estrous activity and the amount 
necessary to inhibit follicular growth. Although estrus was completely in- 
hibited on once-a-day feeding at the 0.668 mg. dosage, a definite inhibition 
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of follicular growth was not apparent until at least the 1.0 mg. dosage was 
administered. It is doubtful whether complete inhibition of follicular growth 
can be obtained with once-a-day feeding of 6-methyl-17-acetoxyproges- 
terone unless higher dosages are employed. A difference in progestational 
requirement for the inhibition of estrus and for the inhibition of follicular 
growth in gilts has been observed when follicular inhibition is attempted 
by subcutaneous injection of progesterone (Ulbert e¢ al., 1951). 

The comparison of the oral effectiveness of 6-methyl-17-acetoxyproges- 
terone when administered by once- or twice-a-day feeding demonstrates 
twice-a-day feeding to be more effective in inhibiting follicular growth 
(table 1). Once-a-day feeding of 1.0 mg. of 6-methyl-17-acetoxyproges- 
terone per lb. body weight did not result in complete inhibition of follicular 
growth (Gilt 68-6); whereas, 0.8 to 1.6 mg. of 6-methyl-17-acetoxyproges- 
terone per lb. body weight by twice-a-day feeding did (Gilts 39-12, 8444, 
34-15, and 62-7). The follicles in the ovaries of gilts receiving 0.8 to 1.6 
mg. by twice-a-day feeding were not larger than 0.7 cm., and the ovaries 
contained no corpora lutea. Autopsy was performed at a stage of the 
estrous cycle (26 to 32 days from the last estrus) where inadequate exog- 
enous progestational inhibition would have resulted in ovaries with recent 
ovulation points, newly formed corpora lutea or large fluid filled non- 
ovulatory follicles. The presence of follicles of this magnitude, comparable 
to follicles on the ovaries of immature gilts, indicates that the follicular 
phase of the estrous cycle did not occur when twice-a-day feeding of 6- 
methyl-17-acetoxyprogesterone started during the late luteal or early 
follicular phase of the normal estrous cycle. 

The control of estrous activity and follicular growth, to be on a practical 
basis, must be extended to include gilts at various stages of the estrous 
cycle at the time of treatment. It is possible that the lower level of 6- 
methyl-17-acetoxyprogesterone feeding (1.0 mg./lb./day) might not be 
capable of inhibiting follicular growth in all gilts, particularly in gilts that 
were at different stages of the estrous cycle at the time of treatment. For 
this reason, 1.6 mg. of 6-methyl-17-acetoxyprogesterone per lb. body 
weight, by twice-a-day feeding, was administered in later trials in an 
attempt to establish a progestational dosage that would result in the con- 
trol of follicular growth in all gilts treated, but one that would not interfere 
with subsequent reproductive activity. A 24-day treatment was arbitrarily 
selected as an interval sufficient to insure adequate follicular inhibition 
regardless of the stage of the estrous cycle when treatment commenced. 

Mature gilts placed on 1.6 mg. of 6-mhethyl-17-acetoxyprogesterone per 
lb. body weight by twice-a-day feeding did not show estrus during the 
24-day treatment (table 2). Estrus occurred on the average 4.4 days after 
the end of the treatment period, regardless of the stage of the estrous 
cycle when gilts were placed on trial. The start of the controlled estrus was 
synchronized within a 36-hour period. The gilts were in estrus for at least 
48 hours. The estrus did not, however, extend in any case to 72 hours. 
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Autopsy of Gilts 7, 4, 5, and 2, four days after the start of the controlled 
estrus demonstrated that ovulation had occurred. There were no apparent 
ovarian abnormalities noted in the treated gilts and the number of fresh 
corpora lutea ranged from 13 to 17 per gilt. Gilts 11, 18 and 19 were 
allowed to resume normal estrous cycle activity, and were observed in 
estrus 21 to 22 days from the start of the induced estrus. Gilt 8 was bred 
at the controlled estrus and had not shown estrus activity 30 days after 
service. 

The immature gilts used in the fourth trial had not shown estrous activity 
previous to treatment although they were approximately the same age as 
the gilts used in the previous trial. There was some concern at the onset of 
this study as to the ability of gilts that had only recently shown estrous 
cycle activity to “rebound” from the imposed progestational inhibition with 


TABLE 2. ORAL EFFECTIVENESS OF 6-METHYL-17-ACETOXYPROGES- 
TERONE IN CONTROLLING ESTRUS IN MATURE GILTS * 











End of End of treatment 

Gilt no. Weight (Ib.) Treatment started” treatment to estrus (hours) ° 
7 214 d-5 d-28 96 
4 222 d—4 d-27 96 
5 234 d-7 d-30 132 
8 215 d-7 d-30 96 
2 209 d-9 d—32 132 
19 214 d-9 d-32 96 
11 223 d-12 d—35 96 
18 215 d-12 d-35 96 





* 1.6 mg. of 6-methyl-17-acetoxyprogesterone per lb. body weight by twice-a-day feeding for 24 days. 

> Days from the start of the last normal estrus. 

¢ Checking with vasectomized boars was every 3 hours until 96 hours after treatment, until the gilts 
were noted in estrus at the 132-hour check. 


sufficient endogenous gonadotropin to affect subsequent follicular develop- 
ment, estrus and ovulation. This does not seem to be a matter for concern, 
however, since gilts subjected to 6-methyl-17-acetoxyprogesterone influence 
who had shown only one or two normal estrous cycles previous to treatment 
(table 2) demonstrated normal post-treatment endogenous gonadotropin 
release. This was not the case, however, in immature gilts of a comparable 
age (table 3). Gilt 6, that received no gonadotropin, and Gilt 1, that 
received 200 I.U. of gonadotropin 24 hours after the end of progestational 
treatment did not come into estrus nor ovulate, and the follicles in the 
ovaries, 4 and 6 days after the end of progestational treatment, did not 
exceed 0.6 cm. in diameter. These results, although based upon two gilts, 
would indicate that sufficient endogenous gonadotropin was not released 
subsequent to progestational treatment. The remainder of the immature 
gilts, that received 1000 I.U. of equine gonadotropin 24 hours after the 
end of progestational treatment, came into estrus 96 to 106 hours following 
the gonadotropin injection, and remained in estrus for at least 2 days. 
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TABLE 3. THE INDUCTION OF ESTRUS AND OVULATION IN IMMATURE 
GILTS BY PROGESTATIONAL CONDITIONING AND 
GONADOTROPIN STIMULATION * 








No. of ovulation 





Gonadotropin Induced points or av. 

Gilt no. Weight (Ib.) injected” estrus (hr.) ° follicular size 

6 225 None None 0.6-cm, follictes 

1 235 200 I.U. None 0.7-cm, follicles 
3 238 1000 I.U. 96 14 Ov. points 

9 251 1000 I.U. 106 13 Follicles* 

10 238 1000 I.U. 96 18 Ov. points 
13 224 1000 I.U. 96 17 Ov. points 
14 228 1000 I.U. 96 14 Ov. points 
15 238 1000 I.U. 96 11 Ov. points 
17 226 1000 I.U. 96 17 Ov. points 





«The gilts received 1.6 mg. of 6-methyl-17-acetoxyprogesterone per pound body weight for 10 
days, by twice a day feeding. 

» Equine gonadotropin, injected 24 hours after the last feeding of 6-methyl-17-acetoxyprogesterone. 

© Number of hours after the injection of gonadotropin. Checking with vasectomized boars at 6-hour 
intervals to the 96-hour check period and one check 10 hours later. 

4 Determined at autopsy 36 hours from the start of estrus, with the exception of Gilt 9 autopsied 
24 hours from the start of estrus. 

¢ Follicles 1.0 to 1.3 cm. in diameter and considered to be norma! preovulatory follicles. 


Recent ovulations had occurred in seven of the eight gilts autopsied 36 
hours from the start of the induced estrus, and follicles of preovulatory 
size were present in the ovaries of Gilt 9 autopsied 24 hours from the 
start of the induced estrus. 

The rather high level of gonadotropin administered (1000 I.U.) did not 
result in superovulation in the immature gilts. The number of ovulations 
induced (11 to 18) compare favorably with the ovulation rate encountered 
in mature gilts subsequent to the termination of 6-methyl-17-acetoxy- 
progesterone administration (13 to 17). The Fallopian tubes were flushed 
at autopsy and normal appearing ova were recovered in the upper portion of 
the tubes in those gilts recorded as having ovulated. 

Single injections of gonadotropin into ewes (Cole and Miller, 1933), 
cattle (Zawadowsky et al., 1935, 1937; Hammond and Bhattacharya, 1944) 
and swine (Cole et al., 1932; Tanabe et al., 1949; Spalding et al., 1955; 
Day et al., 1959) at various stages of the estrous cycle have resulted with- 
out exception in a low incidence of estrus although ovulation may or may 
not have been induced. Gonadotropin injection 15 days after a single injec- 
tion of progesterone suspension (Nellor and Cole, 1956) resulted in estrus 
and ovulation in the majority of mature and immature heifers treated. 
Daily injections of progesterone in oil for 16 days (Robinson, 1956), 
followed by gonadotropin injection (Robinson, 1956) resulted in the 
majority of treated ewes coming into estrus and ovulating. In the present 
study the immature gilts treated with 6-methyl-17-acetoxyprogesterone for 
10 days, followed by a single injection of gonadotropin, came in estrus 
within a 12-hour period. Ovulation occurred at a normal interval from the 


















PROGESTATIONAL COMPOUNDS 419 


start of the induced estrus, as judged by the appearance of the ovaries and 
the positioning of the ova recovered from the Fallopian tubes. It would 
seem that the successful induction of estrus and ovulation in sheep, cattle, 
and swine by the use of gonadotropins necessitates preconditioning by 
progestational treatment. 

It is recognized that these studies were conducted on a limited number 
of gilts. There were, however, no instances of induced ovarian abnormalities 
as reported to occur when the estrous cycle of swine were influenced by 
daily subcutaneous injections of progesterone (Baker et al., 1954). A differ- 
ence noted in the two methods of treatment is the interval from the termina- 
tion of treatment to the start of estrus—6 to 7 days (Ulberg et al., 1951) 
and 6.1 days (Baker et al., 1954) aiter the last progesterone injection as 
compared to 4.4 days after the last oral administration of 6-methyl-17- 
acetoxyprogesterone in the present study. This could indicate some residual 
action of the progesterone from the subcutaneous depot, or an inability of 
the gilts to “rebound” as readily from the progesterone inhibition as from 
that induced by 6-methyl-17-acetoxyprogesterone. 

This report demonstrates that effective control of estrus and ovulation 
can be obtained in gilts by the use of orally active progestational com- 
pounds. 


Summary 


Estrous activity was not inhibited in 3 of 11 gilts receiving from 0.9 to 
2.0 mg. of 17-alpha-acetoxyprogesterone per lb. body weight per day by oral 
administration. The control of estrus and ovulation has been obtained in 
mature gilts by twice-a-day feeding of 6-methyl-17-acetoxyprogesterone. 
Twice-a-day feeding of 0.8 to 1.6 mg. of 6-methyl-17-acetoxyprogesterone 
per lb. body weight per day resulted in complete inhibition of estrus and 
follicular growth during the treatment period. Estrus occurred, on the 
average, 4.4 days from the end of treatment, and the start of estrus was 
synchronized within a 36-hour period. Autopsy following the controlled 
estrus demonstrated that ovulation had occurred. 

Immature gilts receiving 1.6 mg. of 6-methyl-17-acetoxyprogesterone for 
10 days followed by the subcutaneous injection of 1000 I.U. of equine 
gonadotropin came into estrus within a 12-hour period 4 days following the 
gonadotropin injection. Autopsy 24 to 36 hours after the start of the 
induced estrus indicated that the follicular development and subsequent 
ovulation were normal. 

Orally active progestational compounds, administered as feed additives 
to the normal ration, could offer a means of controlling the time of breed- 
ing in swine applicable at the practical level. 
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EFFECTIVENESS OF WATER SPRAYS AND A WALLOW ON 
THE COOLING AND GROWTH OF SWINE IN A 
NORMAL SUMMER ENVIRONMENT ! 


A. A. Cutver, F. N. ANpREws, J. H. Conrap anp T. L. NoFFSINGER ” 


Purdue University Agricultural Experiment Station, Lafayette, Indiana 


5 bun characteristic behavior of swine during hot weather was recognized 
by primitive man and subsequent generations of swine producers. Swine 
became known as lazy animals because of their habit of lying motionless 
for long periods in shaded areas and as unclean animals because of their 
preference for mud wallows in warm weather. It is now recognized that by 
this behavior the pig instinctively protects himself against hyperthermia 
and possible heat shock by the use of shade and evaporative cooling. Con- 
trolled studies on the mechanisms and importance of heat production and 
heat loss in swine are of relatively recent origin (Ritzman and Colovas, 
1941; Robinson and Lee, 1941; Heitman and Hughes, 1949; Heitman, 
Kelly and Bond, 1958). 

The purpose of the present study was to evaluate the effectiveness of 
water sprays and a hog wallow on the cooling of swine and upon rate of 
gain in a normal fluctuating summer environment in market hogs. 


Experimental 


Three experiments were conducted during the summer months of 1956, 
1957, 1958. The pigs were maintained on concrete feeding platforms. Each 
lot was equipped with a shade 15 ft. x 12 ft. The roof was constructed 
of plywood painted white on the upper surface. The shades were 7 ft. 
high at the front and 4.5 ft. at the back. The spray nozzles were of a 
mist-type which delivered approximately 1 gallon of water per hour per 
nozzle at 40 lb. pressure. Three nozzles were mounted on a 6 ft. pipe 
suspended beneath the shade 4.5 ft. above the concrete. During 1956 
the spray was operated continuously unless it was raining. In 1957 and 
1958 the sprays were thermostatically controlled to operate whenever the 
air temperature was 72° F. or above. A portable steel wallow 10 ft. x 5 ft. 
xX 10 in. deep was placed adjacent to, but not beneath, the shade in the 
1956 and 1957 experiments. The wallow was drained frequently, and 
water added daily, but considerable difficulty was experienced in keeping 
it “satisfactorily” clean. 

Three feeding systems were used. In Experiment I, shelled corn and 
protein supplement were fed free choice; in Experiment II, a complete 

1Contribution from the Department of Animal Science and the Purdue Center for Research in 
Refrigeration and Climate Control, Journal Paper No. 1484. 


2 Appreciation is expressed to Dr. Melvin Carter of the Statistical Laboratory for counsel on the 
analysis of the data. 
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TABLE 1. COMPOSITION OF COMPLETE MIXED RATIONS 








1958 





High 
Ration designation 5 Control — energy ration 





Ingredients: 
Ground corn, lb. 835 
Supplement, Ib. 165 
Stabilized yellow grease, lb. ; a 


Total 1000 
Protein in ration, % 14.1 





mixed ration was fed, and in Experiment III, 10% fat was added in two 
treatments in order to study the effects of cooling on feed intake and 
growth on a high energy ration. The rations are given in tables 1 and 2. 

The pigs were weighed individually and the feed consumption of each 
lot determined at weekly intervals. The data on growth rate were 
analyzed by the method of analysis of variance. 


Results 


Experiment I. Three lots, each of 12 Duroc barrow and gilt pigs, were 


studied from June 18, 1956 until August 20, 1956. As shown in table 3, 
the initial weight was approximately 85 Ib. and the average final weight 


TABLE 2. COMPOSITION OF PROTEIN SUPPLEMENT 








Year 1956 1957 1958 





Ingredients: 
Soybean meal, Ib. 46.75 46.35 
Meat and bone scraps, lb. 40.00 40.00 
Alfalfa meal, Ib. 3 10.00 10.00 
Salt, Ib. : 2.00 2.50 
B-vitamin supplement, Ib.* a2 0.25 0.25 
Vitamin B-12 supplement, Ib.” 28 0.25 0.25 
Antibiotic supplement, lb.° , ~keo 
Zince oxide, lb.* stat mana 0.04 
Antibiotic mixture, lb.° wes gke'g 0.50 
Vitamin A and D supplement, Ib.‘ ees Se 0.10 


Total 100.00 100.00 100.00 





* Contained 2, 4, 9 and 10 gm. of riboflavin, pantothenic acid, niacin and choline chloride, re- 
spectively, per pound. 

> Contained 10 mg. of vitamin B-12 per pound. 

¢ Contained 3.6 gm. of chlortetracycline per pound. 

4 Zinc oxide containing 80% zinc was added to supply 300 ppm of zinc in the protein supplement. 

¢ The antibiotic mixture supplied 25 gm. chlortetracycline, 25 gm. oxytetracycline, 37.5 gm. zinc 
bacitracin and 12.5 gm. penicillin per ton of supplement. 

f Contained 5,000 I.U. vitamin A and 625 I.U. vitamin D per gm. 
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212 lb. The pigs which had access to the wallow gained significantly faster 
(P<0.05) than the controls as did those with access to the spray system 
(P<0.01). It was obvious that the pigs in lots II and III tended to eat 
more often than those in the control group and that total feed intake was 
greater. The data on feed intake and feed conversion did not lend them- 
selves to statistical analysis but agree with reports of Heitman e¢ al. 
(1949, 1958) that there is a highly significant correlation between ambient 
temperature and voluntary feed intake. 

As a part of another study, rectal temperature and respiration rate 
were determined for swine at complete rest, beneath the shades, over a 
wide range of normal ambient temperatures. In 1956 the temperatures 
were measured with a clinical thermometer and in later years with a 
thermistor thermometer. 


TABLE 3. EFFECTIVENESS OF A WALLOW AND WATER SPRAY 
ON THE GROWTH OF SWINE 


(Experiment I—June 18 to August 20, 1956) 








Treatment 





I II 
Item Control Wallow 





Number of pigs 12 
Initial wt., Ib. 85 
Final wt., Ib. 213 
Total gain, Ib. 128 

Av. daily gain, lb. : 2.04* 
Av. daily feed, Ib. f 7.20 
Feed per Ib. gain, lb. : 3.$2 


* P<0.05. 
#* P<0.01. 





As shown in table 4, there was an increase in respiration rate and rectal 
temperature in the control group as ambient temperature rose. The rise 
in respiration rate and rectal temperature was reduced in swine with 
access to the wallow, and was minimal in the animals in the spray group. 
When the environmental temperature was above 80° F. the pigs tended to 
lie beneath the mist spray for long periods of time. This appeared to 
be more effective in the reduction of both respiration rate and rectal tem- 
perature than the wallow. The swine in lot II would remain in the 
wallow, outside the shade, for varying intervals and would then lie beneath 
the shade until dry, at which time they would usually re-enter the wallow. 

A comparison of Lafayette temperature records taken during 1956 
showed that the mean daily temperature did not deviate from normal 
during June, and was 4.3° F. below normal during July and 1.7° F. below 
normal during August. There were 8 days during the experiment when 
the maximum temperature was 90° F. or above, and 31 days when it was 
85° F. or above. 





424 CULVER, ET AL. 


TABLE 4. AVERAGE RESPIRATION RATE AND RECTAL TEMPERATURE 
OF SWINE UNDER VARYING ENVIRONMENTAL CONDITIONS 


(Experiment I—June 18 to August 20, 1956) 








Treatment 
Number 
of observations I II 
Measurement per treatment Control Wallow 








73°-76° F. ambient temperature 
Respirations/min. 10 91 63 
Rectal temp., ° F. 10 103.9 103.2 


77°-82° F. ambient temperature 
Respirations/min. 10 96 74 
Rectal temp., ° F. 10 104.2 103.4 


83°-88° F. ambient temperature 
Respirations/min. 10 127 101 43 
Rectal temp., ° F. 10 104.9 104.6 103. 





Experiment II. Thirty-six Duroc barrows and gilts were assigned to 
three treatments on the basis of weight and sex on June 17, 1957. The 
average initial weight was 132 lb.; the experiment was terminated on 
July 29 when the animals weighed approximately 200 lb. As summarized 
in table 5, the swine exposed to the mist-type spray gained significantly 
faster (P<0.01) than those in either the control or wallow groups. The 


rate of gain in none of the lots was as great as in Experiment I, and the 
animals in the group with the wallow did not gain as well as the controls. 
During the summer of 1957 there was an outbreak of swine influenza in 
the experimental swine herd. The clinical symptoms appeared to be more 
severe in the wallow group than in the other two groups. The pigs in the 
various treatments were separated only by a wire fence and it would be 
presumed that exposure to the virus would be similar. It is not neces- 


TABLE 5. EFFECTIVENESS OF A WALLOW AND WATER SPRAY 
ON THE GROWTH OF SWINE 


(Experiment II—June 17 to July 29, 1957) 








Treatment 





I II 
Item Control Wallow 





Number of pigs 12 12 
Initial wt., Ib. 132 132 
Final wt., lb. 197 195 
Total gain, lb. 65 63 
Av. daily gain, lb. 1.56 1.50 
Av. daily feed, Ib. 6.48 6.34 
Feed per lb. gain, lb. 4.16 4.22 





“* PeO0l. 
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sarily concluded that the wallow contributed to the severity of the 
symptoms, but the fact that lot II was most affected undoubtedly explains 
the failure to gain at a higher rate. The improvement in average daily 
gain of the sprayed pigs, in comparison with the controls, was 0.20 lb. in 
1956 and 0.19 Ib. in 1957. The mean daily temperature in June 1957 
was 0.7° F. less than normal and 1.6° F. below normal in July. There were 
four days when the maximum temperature was 90° F., or above, and 22 
days of 85° F., or above, during the experimental period. Average daily 
feed intake was increased 0.72 lb. in the sprayed group in 1956 and 0.65 
Ib. in 1957. 

Experiment III. Forty-eight Duroc x Chester White pigs were assigned 


TABLE 6. EFFECTIVENESS OF A WATER SPRAY ON THE GROWTH OF 
SWINE FED A NORMAL AND HIGH ENERGY RATION 


(Experiment II]—June 23 to August 25, 1958) 








Treatment 





Non-sprayed Sprayed 








I II III IV 
Normal High Normal High 
Item ration energy ration ration energy ration 





Number of pigs 12 12 12 
Initial wt., lb. 84 84 84 
Final wt., lb. 203 203 213 
Total gain, Ib. 119 119 129 
Av. daily gain, Ib. 1.88 1.89 ; 2.05 
Av. daily feed, Ib. 6.99 5.98 : 6.64 
Feed per Ib. gain, Ib 3.71 3.16 ; 3.24 
Av. daily calories 10890 10662 11839 
Calories/Ib. gain 5780 5634 5777 





to four treatments on the basis of weight and sex on June 23, 1958 and 
observed until August 25. Two lots had access to the spray system used 
in the previous experiments. The spray was automatically controlled to 
operate whenever the air temperature was 72° F. or above. In order to 
determine the relation of energy content of the ration to growth rate 
and feed intake in the presence of a cooling system, 10% of stabilized 
yellow grease was added to the rations of two groups as shown in tables 
1 and 6. The data are summarized in table 6. 

The months of June and July, 1958, were the wettest in 50 years; rain- 
fall was 11.7 in. in June and 9.6 in. in July. This was 13.6 in. above normal 
and all pigs were frequently wetted. The experimental period was also 
unusually cool, there being only one day when maximum temperature was 
90° F. and only 19 days when the temperature was 85° F. or above. The 
gains of all pigs were highly satisfactory. 
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None of the differences in rate of gain were significant, although the 
difference between lots I and IV approached significance at the 5% level 
of probability. As would be expected, the pigs consuming the ration with 
added fat, containing 1783 calories of digestible energy per pound, ate 
less per day and required less feed per pound of gain than those in lots 
I and III. As in previous experiments, cooling with the mist-type spray 
increased food intake and as shown in table 6; the greatest caloric intake 
and the largest daily gains occurred in the sprayed groups. It is of inter- 
est that the fewest calories per lb. of gain were required in lot II, the 
non-sprayed, high energy group. This problem is being further investi- 
gated under constant temperature conditions. 


Discussion 


Swine producers have long recognized that swine are particularly sensi- 
tive to high temperatures and have used shades, wallows, fans and sprays 
to improve summer comfort. Quantitative information as to the heat 
tolerance of swine has, until recent years, been scant. Tangl (1912), 
Capstick and Wood (1922), Deighton (1929) and Heitman and Hughes 
(1949) were in rather close agreement that the critical temperature or 
optimum performance of pigs weighing more than 166 lb. is between 60° 
and 70° F. Robinson and Lee (1941) and Heitman and Hughes (1949) 
showed that as ambient temperature increased, respiration rate and rectal 
temperature increased. The former workers reported an increase in pulse 
rate as rectal temperature rose and the latter investigators observed a 
decrease in pulse rate with increasing body temperature. Heitman e¢ al. 
(1949, 1958) reported significant positive correlations between average 
daily gain and body weight at 50° F. and 60° F. and negative correlations 
at 80° to 110° F. Under constant temperature conditions, 100-lb. pigs 
gained most rapidly at 73.5° F. and 350-lb. swine at 61° F. 

Although farmers have long recognized the beneficial effects of water 
cooling on swine performance, Jackson (1938) was one of the first to 
submit data showing that at temperatures above 83° F. the use of a swine 
wallow increased appetite, rate of gain, and efficiency of feed utilization. 
Bray and Singletary (1948) showed that in hogs being fattened on 
pasture in Louisiana the use of a wallow increased daily gains nearly 
0.40 lb. per pig during a 73-day period. They observed that the temper- 
atures of swine without wallows frequently reached 105°—106° F. and 
that the average temperature of those in the wallow group was 104° F. 
Robinson e¢ al. (1941) and Heitman et al. (1949) both found that the 
application of water to swine in which rectal temperature and respiration 
were elevated because of increased ambient temperature produced a strik- 
ing reduction in body temperature and respiration. In the present study 
the value of both the wallow and spray systems in the prevention of 
hyperthermia and increased respiration are clear. 





WATER SPRAYS AND WALLOW 427 


The improvement in rate of gain in swine having access to mist-type 
sprays was similar to that reported by McCormick e¢ al. (1956) at the 
Georgia Station. In three different experiments, they found that sprinklers 
increased daily rate of gain 0.10, 0.19 and 0.32 lb. per pig. They, as did 
we, found sprays to be least effective in cool, rainy weather. Wallace et al. 
(1957) found that under Florida dry lot conditions the use of a mist-type 
spray significantly increased rate of gain, especially when temperatures 
were above 90° F. In a second experiment conducted during cool wet 
weather under pasture conditions, the use of a garden sprinkler was 
without benefit. 


Summary 


Three experiments involving a total of 120 swine weighing from 85 to 
220 lb. were conducted to determine the effectiveness of water sprays and 
a wallow on the cooling and growth of market hogs in a normal summer 
environment. In two of three experiments a mist-type spray significantly 
(P<0.01) increased rate of gain. In a third experiment carried out 
during a period of abnormal rainfall and below average seasonal tempera- 
tures, the use of a spray did not significantly increase rate of gain. The 
use of a wallow increased rate of gain in one of two experiments. 

In control swine at complete rest beneath an open shade with a painted 
white wooden roof, rectal temperature and respiration rate rose with 
increasing ambient temperature. The use of a wallow reduced the rise in 
respiration rate, but was not as effective as a spray, especially at tem- 
peratures above 83° F. The swine having access to a mist-type spray 
showed no appreciable rise in either respiration rate or rectal temperature 
over a range of 73° to 88° F. in ambient temperature. 
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EFFECTIVENESS OF VARIOUS TYPES OF SHADE ON THE 
GROWTH OF SWINE IN A NORMAL SUMMER 
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Experiment Station, Lafayette, Indiana 


T is well known that swine avoid the summer sun, seek natural or artifi- 

cial shade whenever available, and utilize any form of water or wallow 
to assist in the maintenance of a homeothermic state. 

Kelly, Bond and Ittner (1950, 1958) have studied a number of theoret- 
ical problems related to the effective design of livestock shades and have 
done extensive research on the value of shades and other cooling systems 
on the growth of cattle in hot climates. It seems clear that the primary 
purpose of a shade is to reduce the exposure of an animal to the radiant 
energy of the sun. Some materials reflect solar energy more effectively than 
others, some radiate heat from the under surface of the shade to the ground 
or to the animal. Ground vegetation, or ground moisture or color may 
affect ground temperature beneath the shade and thus affect the animal 
heat load. In addition a shade may be designed in a way that permits 
maximum heat loss from the animal to the cool portion of the sky (Kelly 
et al., 1957). 

The ultimate test of the value of a shade is its effectiveness in the 
maintenance of animal productivity. The purpose of this study was to 
compare various roofing materials in shades on the growth rate of swine. 


Experimental 


Two experiments were conducted during the summers of 1955 and 1956. 
Approximately equal numbers of barrows and gilts of Yorkshire and 
Chester White breeding were used. Each lot consisted of one acre of excel- 
lent alfalfa-ladino clover pasture and each contained a shade located near 
the middle of the lot. During the early part of each experiment there was 
vegetation beneath the shade; this disappeared within two weeks, but the 
area adjacent to the shade remained fairly well covered with vegetation 
throughout the experiment. In the first experiment, 1955, the pigs received 
a complete mixed ration until they weighed 80 lb. and were then fed shelled 
corn and the following protein supplement, in pounds, free choice: Soybean 
oil meal, 46.9; meat and bone scrap, 20.0; fish meal, 20.0; alfalfa meal, 
10.0; and salt, 2.0. 


‘Contribution from the Department of Animal Science, the School of Mechanical Engineering and 
the Purdue Center for Research in Refrigeration and Climate Control, Journal Paper No. 1485. 
? Appreciation is expressed to Dr. S. K. Suddarth for assistance in the design of some of the shades. 
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Riboflavin, calcium pantothenate, niacin and oxytetracycline were added 
at levels of 2,4, 9 and 3 gm. per lb. of supplement, respectively, and vitamin 
Bie was added at a level of 3 mg. per Ib. 

In the 1956 experiment the pigs were fed the following complete mixed 
ration, in pounds, without antibiotic or vitamin supplementation: Ground 
yellow corn, 64; ground oats, 15; protein supplement, 19; and mineral 
mixture, 2. The protein supplement was composed of soybean oil meal, 
40; meat and bone scraps, 25; fish meal, 25; and cottonseed meal, 10 
parts. 

The pigs were individually weighed, and feed consumption for each lot 
determined at weekly intervals. A description of the shades is given with 
the results. 


TABLE 1. EFFECTS OF SHADE * ON THE GROWTH OF SWINE 
(Experiment I. June 27 to September 12, 1955) 








Lot 2 3 4 5 6 7 8 9 





Number of pigs 11 11 11 11 11 11 11 11 
Av. initial wt., lb. 57 55 58 59 55 57 58 58 
Av. final wt., lb. 159 170 158 162 162 157 155 157 
Av. total gain, lb. 102 125 100 103 107 100 97 99 
Av. daily gain, lb. ier. S32 942. 28 OSS 3 Se 129 | 1 
Av. daily feed, lb. 4.29 4.16 4.57 4.37 4.14 4.40 4.15 4.19 4.34 
Feed per Ib. gain, lb. 3.38 3.16 3.24 $3.38 3:10 3.34 3.22 3.32 3.36 





® Type of shade in terms of roof treatment was, by lot: 

. Bright oat straw, 18 in. 

. Plywood, %-in., painted white upper surface. 

. Plywood, %4-in., painted white upper and lower surfaces. 

Same at lot 3, 40° F. drinking water provided. 

. Plywood, %-in., painted white upper surface, 2 in. glass wool lower surface. 
Plywood, %-in., painted white on upper surface and black on lower surface. 
. Bright corrugated aluminum. 

. Corrugated aluminum painted white upper surface. 

. Corrugated galvanized steel painted white upper surface. 

. Corrugated galvanized steel painted red upper surface. 


1 
2 
3 
4. 
5 
6. 
7 
8 
9 
0 


_ 


Results 


Experiment I. With the exception of lot 1, each group had a shade of the 
same size. The roof was 12 ft. wide, 15 ft. long, 7 ft. high at the front and 
4.5 ft. at the rear; the shade was open at all sides and mounted on 4 in. 
x 4 in. skids. The shades were oriented with the long axis north and south, 
the front facing north. The shade in lot 1 was constructed of woven wire 
stretched between four poles. It was approximately 14 ft. square, 4.5 ft. 
high at the under side and was covered with 18 inches of bright oat straw. 
Each shade had a different type of roof as indicated in table 1. 

The growth data presented in table 1 were subjected to an analysis of 
variance. None of the differences in growth rate between treatments were 
statistically significant. It might be expected that any of the shades with a 
white painted upper surface would be superior to the shade with a red roof 
(lot 10). The most rapid gains did occur in lot 3, wood painted white on 
the upper and lower surfaces; however, the swine in lot 4 had white shade 
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and the apparent added advantage of chilled drinking water but did not 
gain as well as those in lot 10 with the red steel roof. The white painted 
galvanized steel was not superior to the red steel, and neither bright or 
white painted aluminum was superior to steel or wood. Possible explana- 
tions for this will be discussed. 

Experiment II. The shades used in the first four lots were of the same 
type as in Experiment I, and had a shed-type roof 12 ft. wide and 15 ft. 
long. The shades in lots 5, 6 and 7 had a gable roof. These shades were 
12 ft. wide, 16 ft. long, 4 ft. high at the peak and 3 ft. high at the sides. 
All of the shades were oriented with the long axis north and south. The 
roof treatment of each is shown with the growth data in table 2. 


TABLE 2. EFFECTS OF SHADE* ON THE GROWTH OF SWINE 
(Experiment II. July 9 to September 4, 1956) 








Lot 1 2 3 4 5 





Number of pigs 12 12 12 12 12 
Av. initial wt., lb. 118 119 119 120 119 
Av. final wt., Ib. 204 205 198 206 206 
Av. total gain, lb. 86 86 79 86 87 
Av. daily gain, lb. 1.53 1.53 1.42 1.54 1.55 
Av. daily feed, Ib. 6.36 6.21 6.27 6.22 6.51 
Feed per Ib. gain, Ib. 4.15 4.06 4.42 4.05 4.21 





® Type of shade in terms of roof type and treatment was as follows, by lots: 
Shed type roof 

1, Plywood, %4-in., painted white upper and lower surfaces. 

2. Plywood, %-in., painted black upper and lower surfaces. 

3. Corrugated galvanized steel painted white upper surface. 

4. Corrugated aluminum painted white upper surface. 
Gable type roof 

5. Bright oat straw, 18 in. 

6. Bright corrugated aluminum. 

7. Laminated polyethylene plastic white upper surface and black lower surface. 


As in Experiment I there were no statistically significant differences in 
growth rate between lots. The daily rate of gain in the second experiment 
was superior to that obtained in Experiment I. This is undoubtedly due to 
the fact that the initial weight of the pigs was about 60 Ib. greater in the 
second experiment, and the final weight was likewise greater. The average 
daily gains were almost identical for pigs having access to plywood shades 
painted white on both surfaces or black on both surfaces and for the straw, 
white painted aluminum or laminated white and black polyethylene shades. 
The gains were slightly lower in the white painted galvanized steel and 
bright aluminum shade treatments. 


Discussion 


When the results of both experiments are considered, it is apparent that 
several roof treatments are satisfactory: straw, wood, galvanized steel, 
aluminum or laminated polyethylene plastic. Under farm conditions, it 
would be unwise to paint the upper surface of a shade red or black because 
of the heat absorbing properties of dark colors. The choice of a roof 
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material, under Indiana summer conditions, should be made on the basis 
of availability, durability and cost of materials. 

Swine, in contrast to cattle, spend a large proportion of time in a 
recumbent position. There would be a good possibility of heat loss by con- 
duction if the pigs were exposed to a cooled surface, expecially one cooled 
by mechanical means. The possibilities of cooling with a mechanically cooled 
concrete slab were discussed by Fontaine et al. (1955). Purdue experiments 
have shown that rate of gain of swine having access to such a slab may be 
increased about 0.35 lb. per day during hot weather (Culver, 1958). Under 
practical conditions a relatively small proportion of the heat loss of swine 
is by conduction, aad this declines with increasing environmental tempera- 
ture (Bond e¢ al., 1952). The possibility of lowering ground temperature 
beneath a shade should be considered. Vegetation beneath or adjacent to 
the shade reduces animal heat load, as does shade orientation, height and 
nature of the ground surface (Kelly et al., 1950). 

The loss of heat by convection is related to surface area of the animal, 
skin temperature, air temperature and the velocity of air movement. The 
possibilities of increasing convective heat loss beneath a shade are rather 
small. As discussed by Kelly e¢ al. (1950), “With a wind velocity of but one 
mile per hour, a given unit volume of air will be under a shade 36 ft. long 
(in the direction of wind travel) for only 25 seconds.—as a result, little 
reduction in air temperature can be expected.” 

There is general agreement that the principal function of a shade is the 
reduction of exposure of the animal to solar radiant energy. As reviewed by 
Bond e¢ al. (1954) an animal beneath a flat shade is affected by radiation 
from the sky, the horizon, the shadow of the shade, the ground and the 
shade itself. These workers found that white painted aluminum sheets were 
as much as 15° F. cooler than unpainted aluminum in the direct sun and 
that white painted galvanized iron was as much as 50° F. cooler than un- 
painted sheets. The radiation from the shade to the animal was reduced by 
painting the upper surface white and the lower surface black. Purdue data 
on the physical characteristics of shade (Fontaine et al., 1959) are in agree- 
ment with those of Bond et al. (1954). When the various shades were 
evaluated in terms of the growth rate of swine, there was no evidence that 
any of the shades, whether black, red, white or bright metal, were “biolog- 
ically” different. Kelly and Bond (1958) determined the relative effective- 
ness of 35 shade materials. Comparisons were made of black-body (globe) 
and air, dry-bulb temperatures and air velocity in the sun and at the center 
of the shadow cast by shades 8 ft. x 12 ft. x 4 ft. high. They arbitrarily 
assigned a rating of 1.000 to bright corrugated aluminum 0.019 thick. Some 
of the pertinent ratings were: 

Six inches of hay 1.203 
Aluminum, top white, bottom black 1.103 
Galvanized steel, top white, bottom black 1.066 
Galvanized, top white, bottom natural 1.053 
Aluminum, top white, bottom natural 1.049 
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Plywood, 3/8 in., top white 1.031 
Polyethylene, top white, bottom black 1.028 
Aluminum, new unpainted 1.000 
Galvanized steel, new unpainted 0.992 

In view of the similarities of most of these materials, it is not surprising 
that there were no differences in animal response. 

Ittner and Kelly (1951) studied the value of a number of different types 
of shade for cattle in the Imperial Valley of California where the mean 
monthly temperature exceeds 85° F. for about 4 months and 90° F. for 2 
months. Under these conditions a three-sided shade cooled with an evapora- 
tive cooler was preferred by beef cattle, and allowed the best rate of gain. 
Shades with double roofs in which the lower roof was wet were next in 
preference and were followed by double-roofed shades in which no water 
was used. Hay covered shades 10 to 12 ft. high were next in preference and 
shades with a galvanized steel roof, or louvered shades, were least preferred 
by the cattle when a choice of shades was possible. 


Summary 


A total of 17 shade treatments involving 182 growing pigs were studied 
during the period of June 27 to September 12 in 1955 and 1956. The 
measure of shade effectiveness was the growth rate of pigs utilizing each 
type of shade. Comparisons were made of five basic roof materials: straw, 
plywood, corrugated steel and aluminum and laminated polyethylene 


plastic. There were no differences between materials and no measurable 
effects of roof color, including white, red and black upper surfaces, and 
combinations of painted upper and lower surfaces, on rate of gain of 
swine. 
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INTERACTIONS BETWEEN GENOTYPE AND PLANE OF 
NUTRITION IN SELECTION FOR RATE OF GAIN 
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Washington State University, Pullman 


A CONTROVERSIAL question among geneticists and animal breeders 
revolves around the choice of the environmental conditions under 
which to practice selective breeding. One point of view, supported by 
Hammond (1947), asserts that an environment favorable to the expression 
of the desired character will allow more rapid progress under selection, and 
unfavorable environmental conditions tend to limit the response to selec- 
tion. Thus if animals selected under favorable conditions are shifted to less 
favorable conditions, they will express a higher level of performance than 
would have been attained by equal selection pressure under the less favor- 
able environment. The opposing point of view is that animal differences 
under forced conditions cannot be closely correlated with real utility under 
less favorable conditions. It is argued that performance in a favorable 
environment is dependent upon a different genetic basis from performance in 
a less favorable environment. 

The latter thesis is supported by the work of Falconer and Latyszewski 
(1952) in which mice were selected for six-week weight under high and 
low planes of nutrition. Weight increased under selection in both groups, 
and exchanges in nutritional level were made after several generations. Mice 
selected on a restricted diet and placed on unlimited feeding were just as 
heavy as those selected on the full diet. On the other hand, mice selected 
on the full diet and raised on the restricted diet showed no improvement 
over the unselected level. It appeared that two different characters were 
selected. Mice on full feed were selected for high appetite, and mice on 
restricted feed were selected for efficiency of feed utilization. 

Falconer (1952a) points out that the genetic situation explaining the 
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above results is that of a genotype-environment interaction, which may be 
large enough with wide environmental differences to invalidate Hammond’s 
thesis. He suggests that when a single trait exhibits a genotype-environment 
interaction under two environments, it should be considered as two separate 
traits. 

Thus, the second school of thought is that breeding animals should be 
selected under the same conditions as those in which commercial animals 
are produced (Lush, 1945; Nichols, 1947; Kelly, 1949; Morley, 1956). 
Much correlation exists between an animal’s ability to do well under many 
different environments; the correlation is far from perfect (Lush, 1945). 
The concept of a suitable environment, which will allow physiological 
characters to be well expressed, is sometimes erroneously extended to imply 
that the best possible environment should be provided (Nichols, 1947). 


Materials and Methods 


A total of 1705 animals contributed to the data secured during nine 
generations. The plane of nutrition was the environmental condition used 
in this experiment. It was varied for the two selection lines, which were 
started from a single population. Both lines were selected in exactly the 
same manner, and three traits (fertility, survival, and rate of gain) of 
importance in practical meat animal production were considered in the 
study. The animals of one line received full feed while those of the other 
line were restricted in their feed intake. After comparing the progress of 
the two lines for six generations, the performance of each line was evaluated 
on the other nutritive level. 

Foundation Stock and Breeding Plan. A foundation stock possessing a 
large reservoir of genetic variability was created by crossing five distantly 
related Danish Landrace boars with five relatively unrelated groups of five 
Chester White sows each. The three litters with the largest number of pigs 
raised from each boar were divided as evenly as possible at weaning time 
(56 days) on the basis of sex, weight, and type. Half of each litter were 
reared on the high plane and half on the low plane of nutrition. The two 
groups were made at random. The 15 litters saved constituted a total of 
119 crossbred pigs, of which 61 animals were full-fed and 58 animals were 
limited-fed. 

The population was formed from a crossbred foundation to widen the 
field of genetic variation through new Mendelian combinations and inter- 
actions of genes that would be made rapidly available by segregation and 
assortment of chromosomes. At the same time, a moderately uniform popula- 
tion would be available to start the two selection lines, thus making any 
difference in selection response in the two lines less attributable to genetic 
differences in the original population. 

At 150 Ib. live weight, each pig was indexed as described below, and the 
highest indexed boar and the three highest indexed gilts in each line sired 
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by each of the Danish Landrace boars were saved to produce the next 
generation. Thus, from the 15 litters saved in the Fj, two lines similar in 
parentage were selected. Each plane of a generation consisted of 15 gilts 
(five sets of three half or full sisters) and five boars (relatively unrelated 
to each other but each a full or half brother to one set of gilts). In sub- 
sequent generations, the highest indexed boar and the three highest indexed 
gilts sired by each boar of the preceding generation were saved for breeding. 
Thus, in each generation in each nutritional plane the breeding stock con- 
sisted of five sets of half or full brothers and sisters (1 boar and 3 gilts per 
set). In the third generation, one set, or group, was lost in the high plane. 
The comparable group in the low plane was eliminated, leaving four groups 
in each plane. 

The project was established to determine both the immediate and cumula- 
tive influence of nutritive level upon the efficiency of selection for factors 
important in meat animal production. Thus, it was necessary for the animals 
within each line to be bred as a closed herd. At the same time, it was 
essential that inbreeding not occur at too rapid a rate, so inbreeding was 
kept at a minimum by systematic crossing of the groups within lines, with 
no matings closer than between quadruple second cousins. This method 
prevented the inbreeding coefficient from rising above a maximum of about 
16% during the first six generations. The same system of matings was 
practiced in each line so as to keep the inbreeding coefficients as nearly alike 
as possible (figure 1). 

Selection Procedure. At 150 lb. live weight, each pig was indexed, taking 
into account fertility, survival, and rate of gain, on the basis of the follow- 
ing index: I=B+-2W-+-35G. The B is the number of pigs born alive in the 
litter in which the individual pig was born, W is the number of pigs weaned 
in the litter, and G is the average rate of daily gain of the individual pig 
from weaning to 150 lb. The index was constructed on the basis of data 
from the University swine herd, which is fed on a high plane of nutrition. 
The index was formulated to place approximately equal emphasis on 
prolificacy and rate of gain based on the variability of these traits. It was 
not certain how low-plane nutrition would affect the index. Selection 
pressure was not applied for type or conformation; however, detailed body 
measurements were secured on all animals at 150 lb. live weight. These 
measurements were obtained to provide data on any correlated response in 
body type that might accompany the direct response to selection for 
prolificacy and rate of gain. These findings will be reported elsewhere. 

Feeding and Management. The high plane pigs were full-fed from wean- 
ing to 150 lb. The low-plane pigs received 70% as much feed as the high- 
plane pigs ate at comparable weights up to 150 Ib. Since group feeding was 
practiced, low-plane pigs were provided excessive feed-trough space. This 
precaution reduced trough competition and insured selection for genetic 
gaining ability rather than for mere aggressiveness. From weights of 150 
Ib. until farrowing, all pigs were hand-fed to prevent the high-plane pigs 
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from becoming obese. High-plane animals received enough feed to permit 
an average daily gain of 1.5 to 2.0 lb.; the low-plane pigs received 70% 
of this amount. After farrowing, the high-plane sows were returned to full 
feed, and the low-plane sows received 70% of full feed (figure 2). The 
composition of the rations fed to each line was identical (table 1). The 
rations were calculated to provide adequate protein, minerals, and vitamins 
at the levels fed to low-plane pigs, the only deficiency being energy. Thus, 
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Figure 1. Systematic crossing of groups within each line was followed to 
restrict the increase in the coefficient of inbreeding, and the same system of 
matings was practiced in each line in oftder to keep the inbreeding coefficients 
as nearly alike as possible. 


high-plane pigs received adequate energy and excesses of protein, minerals, 
and vitamins. 

Exchange of Nutritional Environment. After six generations, each line 
was divided into two sub-groups. One-half of the pigs remained on their 
respective planes of nutrition, and the other half were shifted to the 
reciprocal plane of nutrition. The four sub-groups were designated HH, high 
plane remaining on high plane; HL, high plane shifted to low plane; LL, 
low plane remaining on low plane; LH, low plane shifted to high plane. 

This exchange of environment was accomplished by selecting four rather 
than three gilts from each sire progeny group in the sixth generation for 
breeding and putting two of them on the other plane of nutrition as soon 
as possible after selections were made (figure 3). They farrowed and raised 
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Figure 2. Typical condition of high- and low-plane sows at 
weaning time. The condition of the sow on the right reflects 
the effects of restricted energy intake, whereas the sow on 
the left remains in good flesh condition on full feed despite 
the nutritional stress imposed by suckling a large litter. 


their pigs on the other plane of nutrition. Thus, the performance of their 
pigs could be compared with that of pigs whose ancestors had been bred on 
that plane of nutrition for six generations. The other two sows were kept 
on the original plane of nutrition, and their pigs were raised on it. The four 
lines were carried through two additional generations to reduce chances that 


TABLE 1. RATIONS FED 








Pigs, 76 Ib. Pigs over 
Pigs, weaning to 150 Ib., and 150 Ib. and 
Groups to 75 lb. lactating sows gestating sows 





Ingredients, Ib. 
Ground barley 
Ground wheat 
Mill run 
Corn distillers dried solubles 
Soybean meal 
Fish meal 
Dried skim milk 
Dehydrated alfalfa meal 
Ground oyster shell 
Steamed bone meal 
Iodized salt 
Mineral mix* 


NR Ww 


CCOOOMF AIO ONN 
wow 


ww 
SCOOMNFOhOOse 


QAwWWUDCONHOO 
SODC ORO ROOSS 
QuUADKUDOCOAaNTO 
° 

guaanooooanrono 





* The mineral mix was made up of the following: ZnCOs, 50 gm.; KI, 50 gm.; CuSOs, 150 gm.; 
Fe2Os, 200 gm.; FeSO«s, 5000 gm.; MnSOx, 200 gm.; plus irradiated yeast, type 9F, 1820 gm.; 
and soybean oil meal, 2500 gm. 
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Figure 3. After six generations, one-half of the pigs in 
each line were shifted to the other plane of nutrition, thus 
forming four lines. 


any possible differences accompanying the change in nutritional planes 

might be due to maternal influences of the sixth generation gilts. 
Analysis. The effectiveness of selection for a trait under two different 

environments may be evaluated by the formula presented by Falconer 





440 FOWLER AND ENSMINGER 


(1952a). The data, however, must yield reliable estimates of the heritabil- 
ities for the trait under the two environments and of the two direct and 
correlated responses. The techniques and intensity of selection must be the 
same under the two environments to yield a valid analysis. 

The current project yields reliable estimates of heritability and of direct 
and correlated responses under full and limited feeding. The technique of 
selection was the same under the two environments; however, Lucas and 
Christian (1954) and Christian (1957) found that the selection index, 
which was formulated from high-plane data to place equal emphasis on 
prolificacy and rate of gain, placed more emphasis on prolificacy than on 
average daily gain in low-plane pigs. Fortunately, the intensity of selection 
for rate of gain was not materially different under the two environments 
(Christian, 1957). So, the present paper is limited to the analysis of the 
interaction between genotype and plane of nutrition in selection for rate 
of gain. 

Means and standard errors were obtained for rate of gain within genera- 
tions and planes. Analysis of variance followed the methods outlined by 
Snedecor (1946), and heritability estimates were obtained by intra-sire 
regressions of offspring on dam and by the ratio of response to selection 
differential. Quantitative evaluations of the efficacy of selection for rate of 
gain under full versus limited feeding were obtained by the procedures 
described by Falconer (1952a) and by Reeve and Robertson (1953). 


Results 


Response to Selection. The average rate of daily gain from weaning to 
150 lb. was 1.35 lb. for high-plane pigs and 0.92 lb. for low-plane pigs 
(table 2). The highly significant difference of 0.43 lb. in favor of the high- 
plane pigs would be expected since they were full-fed while the low-plane 
pigs were limited to 70% of full feed. The differences between planes were 
highly significant for every generation except the sixth, where the statistical 
significance was reduced (P<0.05). This one exception probably was due 
to an outbreak of hemorrhagic enteritis after weaning in both planes. The 
disease appeared to be more severe in the high-plane pigs as evidenced by 
their greater reduction in rate of gain. 

Selection for rate of gain was rather effective in both planes (table 2 and 
figure 4). The high-plane pigs increased somewhat steadily from an average 
of 1.19 lb. in the first generation to 1.53 lb. in the ninth generation, an 
increase 0.34 lb. The low-plane pigs increased from 0.72 Ib. in the first 
generation to 0.99 Ib. in the ninth generation, an increase of 0.27 lb.; how- 
ever, most of the improvement was made during the first five generations. 
The increase in the full-fed line was slightly greater than in the limited-fed 
line—0.043 Ib. per generation against 0.034 lb. If expressed as a percentage 
of the initial average daily gain (generation 1) however, the progress under 
full feeding was 3.57% per generation, as compared with 4.69% under 
limited feeding. 
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TABLE 2. MEANS AND VARIABILITY, WITHIN GENERATIONS AND PLANES, 
FOR AVERAGE DAILY GAIN, F.:-Fs, WITH A.D.G. EXPRESSED AS 
POUNDS DAILY FROM WEANING TO 150 LB. 
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Unweighted H and HH 1.35 sa 0.05 
mean Land LL 0.92 .04 





® HH=continuous full feeding through all generations. 
LL=continuous limited feeding through all generations. 
HL=six generations of full feeding, followed by limited feeding. 
LH=six generations of limited feeding, followed by full feeding. 
*=significant at 0.05 level of probability. 
**=significant at 0.01 level of probability. 


Figure 4 clearly illustrates that progress was made in both lines, although 
some irregularities did occur. These probably were due to the occurrence 
of hemorrhagic enteritis and to unidentified environmental causes. 

Heritability estimates were calculated for rate of gain from weaning at 
56 days of age to 150 lb. live weight. Based on nine generations, heritability 
estimates as calculated by the selection differential method were 52% 
for high-plane pigs and 49% for low-plane pigs. The intra-sire regression 
method yielded estimates of 41% and 54% for high- and low-plane pigs, 
respectively. With an estimate of heritability and the selection differential 
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for average daily gain known, the progress expected per generation can 
be estimated. With a heritability estimate of 41% and a selection differen- 
tial of 0.08 lb., average daily gain should increase about 0.033 lb. per 
generation under the high-plane of nutrition. For low-plane, expected 
progress was 0.037 Ib. per generation (54% X 0.07 lb.). 

The average weighted selection differential for eight generations of selec- 
tion under high-plane was 0.08 Ib. per generation, and that for low-plane 
was 0.07 lb. Thus, selection under high-plane provided a slightly larger 


@——® Continuous Low Pione (L,LL) 
O---O Reversed Low Plone (LH) 
@——4 Continuous High Plone (H, HH) 
O---0 Reversed High Pione (HL) 
od Low Plane Selection 

V---T High Pione Selection 


j 
Fy 
: 








Generation 


Figure 4. Response to selection for average daily gain 
from weaning (56 days) to 150 lb. live weight. Lines labeled 
“selection” show the cumulative selection differentials. Lines 
labeled “response” show the between-generation-within-plane 
mean average daily gains. 


selection differential, because limited feeding reduced the total phenotypic 
variance of rate of gain. 

Exchange of Environments. As selection was effective under both planes 
of nutrition, the next consideration was to evaluate the performance of 
each line in the reciprocal environment. This was made possible by the 
exchanges of environment made for half of each line in the sixth generation. 

The seventh generation was farrowed in the spring of 1954. The high- 
plane animals whose ancestors had been raised on a low-plane of nutrition 
(LH) showed the highest rate of average daily gain (1.41 lb.), followed 
in descending order by HH (1.26 lb.), LL (1.01 Ib.), and HL (0.94 Ib.). 
Average performance of each group for the 7th, 8th, and 9th generations 
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remained in the same sequence: LH (1.48 lb.), HH (1.43 lb.), LL (1.00 
lb.), and HL (0.92 lb.). Thus, pigs from a background of selection under a 
low plane of nutrition outgained the contemporary pigs from a background 
of continuous selection under full feeding. Pigs of the full-fed line when 
raised on 70% of full feed gained slower than the contemporary pigs of 
the low-plane line. 

The gains of the HL pigs exceeded the initial average daily gain (genera- 
tion 1) under limited feeding. However, the data indicate that selection 
for rate of gain under limited feeding was not as effective when selection 
for average daily gain was carried out under full feeding as when executed 
under a low plane of nutrition. At the same time, selection for rate of gain 
under limited feeding was slightly more effective in increasing average daily 
gain from weaning to 150 lb. live weight on full feed than was selection 
carried out continuously for rate of gain under full feeding. 

The data from this study indicate that superiority for rate of gain under 
full feeding has a different genetic basis than superiority for rate of gain 
under limited feeding, indicating the existence of a genotype-environment 
interaction. If only two different environments are involved, such an inter- 
action can be expressed as a genetic correlation. If a trait is measured 
under high and low planes of nutrition, the two measurements can be con- 
sidered as two different characters, and the efficacy of the two methods of 
selection can be obtained by calculating the genetic correlation between 
the two measurements (Falconer, 1952a). This would permit the estimation 
of the amount of improvement in rate of gain under a low-plane of nutri- 
tion that would be obtained as a correlated response to selection for rate 
of gain under a high plane of nutrition. This improvement could be then 
compared to the improvement of rate of gain obtained as a direct response 
to selection for gaining ability under a low plane of nutrition. The ratio of 
the correlated to the direct response is expressed by Falconer’s (1952a) 
formula, 


correlated response AG, he 


—-—TIg, 





direct response AG. h 


in terms of the two heritabilities and the genetic correlation. 

Because the outbreak of hemorrhagic enteritis in the sixth generation was 
more serious in the high than in the low plane, generations 6 and 7 should 
probably be discounted in computing direct response to selection. When 
this is done and regression lines are fitted to the generation means to 
secure an estimate of the average response per generation by direct selec- 
tion, the response under high plane was 0.056 lb. per generation as com- 
pared to 0.0375 lb. per generation for low plane. 

The correlated responses were calculated from the mean levels on 
exchanged nutritional planes over three generations (F7-F,), being 1.48 
lb. and 0.923 Ib. for LH and HL, respectively. These levels of performance 
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were obtained by six generations of selection. The original level should not 
be taken as the actual value of F,, but rather as the level at which the 
regression lines cut the axis at F, (1.24 lb. and 0.77 lb. for high and low 
planes, respectively ). Thus, correlated responses are: LH=(1.48—1.24) /6 
=0.040 lb. per generation; HL—(0.923—0.770) /6=0.026 lb. per genera- 
tion. 

The realized heritability for rate of gain, as computed by the ratio of 
response to selection differential for nine generations, was 52% for high 
plane and 49% for low plane. By substituting in the the above equation, 
where hz refers to low plane and h, to high plane, 


0.040 1/49 


—_—— — ——"" Ig 


0.056 1/52 


rg is found to be 0.74 for the character “growth-on-high-plane.” In the 
same fashion, a genetic correlation of 0.67 is found for the character 
“growth-on-low-plane.” The two values for rg agree rather closely, and they 
tend strongly to support Falconer’s (1952a) theoretical treatment of the 
subject. 

A joint, or pooled, estimate of r;, based on the two pairs of responses may 
be obtained. Since the two separate estimates are not obviously inconsistent, 
it is valid to combine them into a joint estimate, which is derived from the 
responses only. This eliminates any errors introduced from the estimates 
of heritability in the previous method. If X and Y represent the two char- 
acters “growth-on-high-plane” and “growth-on-low-plane”, respectively, 
and if CR and R are the correlated and direct responses, respectively, then 


CRX CRY 
PG = x—) 
RX RY 


according to the method of Reeve and Robertson (1953). By substituting 
in the formula, r?G is found to be 0.495 and rg is 0.70. This pooled genetic 
correlation substantiates the estimates of 0.74 and 0.67 obtained previously. 


Discussion 


The heritability estimates obtained for rate of gain in the present study 
are in keeping with estimates obtained by other workers (reviewed by 
Craft, 1953, 1957). Craft (1953) reported annual selection differentials 
for rate of gain (weaning to 200 lb.) as ranging from 0.06 Ib. to 0.21 Ib. 
in six inbred lines of swine. 

In the current study, inbreeding was restricted to a low rate of increase 
by the mating system followed, so inbreeding effects were not considered 
in computing the effectiveness of selection. In the first nine generations, the 
actual progress for rate of gain under full and limited feeding closely ap- 
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proximated the expected progress. Rate of gain was improved 29% on high 
plane and 37% on low plane during the nine generations. This rate of 
improvement was extremely good, especially when the following facts are 
considered: (1) there is a genetic antagonism, or negative genetic correla- 
tion, between the two traits included in the selection index—prolificacy 
and rate of gain (Christian, 1957)—-which would lessen the effectiveness 
of selection; (2) the fixed system of mating designed to retard the increase 
in inbreeding made it impossible to select only the very top-gaining 
individuals on each nutritional plane; and (3) the fixed mating system 
often made it impossible to mate the best-performing males with the best- 
performing females. 

When Hammond’s (1947) predictions are evaluated against the results 
of this study, his prediction that progress would be more rapid in a good 
environment than in a bad is supported by the increase in daily gain for 
the full-fed line as compared with the limited-fed line (0.34 versus 0.27 Ib. 
for nine generations). If a total progress is evaluated, however, in terms 
of the initial average daily gains for each line, progress under limited feed- 
ing was greater than under full feeding (37% versus 29%). 

The results of the exchanges of environment apparently contradict 
Hammond’s conclusion that where the development of a character is 
limited by environmental conditions it is not possible to select genes which 
have the capacity of manifesting themselves in excess of those environ- 
mental limitations. In the current study, selection on 70% of full feed 
improved rate of gain not only on the limited ration but also on full 
feeding. 

Hammond (1947) reasoned that genetic selection will be most effective 
if carried out in a nutritional environment favorable to the development of 
the character in question. Once a trait is developed through selection under 
environmental conditions which favor its fullest expression, it can also be 
used in other environments provided that other characters required by that 
new environment are also present in the animals. When high-plane pigs 
were raised on low plane in the current study, they improved in rate of 
gain above the unselected level for low-plane, but they did not gain as 
rapidly as the contemporary pigs of the low-plane line. Thus, the implica- 
tion that the character required is best selected for under environmental 
conditions which favor its fullest expression are cantradicted by the superior 
gains of the contemporary pigs on the low-plane line when both lines were 
raised on 70% of full feed. Falconer’s (1952a) findings that performance 
is best improved by selection under the conditions in which the performance 
will be subsequently measured are supported by these results. 

Hammond’s (1947) contention concerning the advantageous performance 
for a trait under environmental conditions other than those under which 
selection was practiced is qualified by the restriction “provided that other 
characters, especially required by that new environment, are also present 
in the animal.” This qualification would have rather full significance in the 
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present findings. Selection on full feeding did improve the rate of gain on 
restricted feeding, though not as much as selection on restricted feeding. It 
might be argued that the genes directly affecting rate of gain were fixed to 
an optimum degree by selection under a high-plane of nutrition but that 
other genes related to most favorable expression of rate of gain under 
limited feeding were not automatically selected as they would be when 
selection for rate of gain is practiced under restricted feeding. Hammond 
(1947) pointed out that environmental conditions which affect the phys- 
iology of an animal will lead to the natural selection of those genes which 
give rise to characters in harmony with the environment concerned. In 
this case, such natural selection might well be for genes concerned with 
efficiency of feed utilization. 

The results of the present study suggest that, in the process of selecting 
for increased rate of gain under full and limited feeding, selection may have 
been directed toward two different genotypes. The data in table 3 indicate 
that the pigs on low-plane nutrition tend to be more efficient in feed utiliza- 
tion. The advantage in favor of the low-plane pigs was significant at the 
0.01 level in the third and fourth generations and at the 0.05 level in the 
second and fifth generations. Unfortunately, owing to a change in personnel, 
valid feed efficiency data were not secured on the high-plane of nutrition 
in the seventh generation. When feed efficiency data for all pigs from a 
selection background of full feeding (HH and HL) are compared with 
that for pigs from a selection background of limited feeding (LL and LH), 
the advantage in favor of the limited-fed line was significant at the 0.05 
level in the eighth generation and at the 0.01 level in the ninth generation. 

It appears that the pigs selected for superior rate of gain under limited 
feeding were actually superior due to efficiency of feed utilization. They 
had more energy value left, above their maintenance requirements, for 
gains. On the other hand, the fastest gaining full-fed pigs were probably 
superior because of some gene complex other than feed efficiency—perhaps 
genes that condition appetite, capacity to consume or digest feed, higher 
metabolic rate, and/or production of larger amounts of growth hormone. 
Thus, when placed on a low plane of nutrition, they were unable to 
compete as successfully as pigs selected under a low plane of nutrition. 

The correlations between pounds of feed per pound of gain and average 
daily gain (based on the within plane and generation means) for high 
plane (H and HH) and low plane (L and LL) through the ninth gen- 
eration are 0.236 and —.898, respectively. Thus, no relationship seems to 
exist between feed efficiency and average daily gain on full feeding. How- 
ever, a negative and highly significant correlation between feed efficiency 
and average daily gain in low plane indicates an association between the 
two traits under restricted feeding. 

The superior feed efficiency of the low-plane pigs in the present study 
may be due to lower metabolic rate and less fat in the “gain”, whereas 
the high-plane pigs may be inherently higher in thyroid activity as reflected 
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TABLE 3. MEANS AND VARIABILITY, WITHIN GENERATIONS AND PLANES, 
FOR FEED EFFICIENCY, BASED ON LITTER AVERAGES, AND 
EXPRESSED AS POUNDS OF FEED PER POUND OF GAIN 








Generation Nutritional plane* Mean H.P.-L.P. Standard error 
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® HH=continuous full feeding through all generations. 
LL=continuous limited feeding through all generations. 
HL=six generations of full feeding, followed by limited feeding. 
LH=six generations of limited feeding, followed by full feeding. 
*=significant at 0.05 level of probability. 
**—significant at 0.01 level of probability. 
*** — significant at 0.001 level of probability. 


by their performance when placed on restricted feed. This asserted dif- 
ference in metabolic rate is supported by limited data secured by monitoring 
I 131 in the thyroid of pigs from the high-and low-plane lines. The data 
indicate that the thyroid activity of the high-plane pigs is consistently 
higher than that of the low-plane pigs (Bustad, 1958). 

The evidence strongly suggests that rapid gains under full feeding and 
rapid gains under limited feeding represent two separate traits. Further- 
more, the findings are in full agreement with Falconer’s (1952b) state- 
ment that “in the improvement of breeds of livestock the selection ought 
to be carried out in the environmental conditions under which the improved 
breed is destined to live”. 
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Summary 


A long-term project was initiated in 1947 to study whether selection 
of breeding animals is as effective when they are fed on a low plane of 
nutrition as when they are full-fed. Swine were selected for the experiment, 
and a total of 1705 animals contributed to the data through nine gen- 
erations. Analysis was carried out on the interaction between genotype and 
plane of nutrition in selecting for rate of gain. 

A cross bred foundation stock was divided equally and at random into 
two lines. One line was full-fed from weaning to 150 lb., limited-fed 
from 150 lb. to parturition, and again full-fed during lactation. The 
other line received 70% as much feed as the high-plane group throughout. 
All selections were made as each pig reached 150 lb. live weight, using the 
following index: I=B-+-2W-+35G, where B is the number of pigs farrowed 
alive in the litter in which the individual pig was born, W is the number 
weaned in the litter, and G is the average rate of daily gain of the indi- 
vidual pig from weaning to 150 lb. 

After six generations, each line was divided into two sub-groups. These 
sub-groups were designated HH, high plane remaining on high plane; HL, 
high plane shifted to low plane; LL low plane remaining on low plane; 
LH, low plane shifted to high plane. The four sub-groups were carried 
through the ninth generation to evaluate the performance of each line 
on the other nutritional level. 

Average daily gain increased under selection in both lines; the average 
increase in the full-fed line was slightly greater than in the limited-fed 
line—0.043 lb./generation versus 0.034 lb. 

Realized heritability estimates were not materially different between 
the two lines, being 52% and 49% for high and low planes, respectively. 
Intra-sire regression of offspring on dam yielded heritability estimates of 
41% and 54% for high- and low-plane pigs, respectively. The average 
weighted selected differential for eight generations of selection under high 
plane was 0.08 lb./generation, and that for low plane was 0.07 lb. Thus, 
expected progress under high plane was 0.033 lb./generation, as compared 
with 0.937 lb. for low plane. With the exchange of environments, LH pigs 
showed the highest rate of average daily gain (1.41 lb.) in the 7th gen- 
eration. They were followed in descending order by HH (1.26 Ib.), LL 
(1.01 lb.) and HL (0.94). 

A genetic correlation between rate of gain on high plane and that on 
the low plane was 0.74 whereas the correlation calculated between rate 
of gain on low plane and that on the high plane was 0.67. The pooled 
estimate of r;, based on the responses on both high and low plane of 
nutrition, was 0.70. A definite genotype-environment interaction was found 
to exist; selection for increased rate of gain under the two nutritional 
environments was for two distinctly different genotypes. Superior gains 
in the low plane may be due to superior feed efficiency as a result of lower 
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thyroid activity. Superior gains in the high plane may be due to genes 
conditioning appetite, feed consumption, metabolic rate and/or over 
secretion of growth hormone. 

The findings are discussed in relation to prevailing theories on the 
effectiveness of selection under different environments. In general, the 
results support the contention that breeding animals should be selected 
in the environment under which their progeny are expected to perform. 
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APID genetic progress can be made only if future productivity of 
breeding stock can be determined at an early age. The use of superior 
herd sires is the most efficient method of increasing the production of an 
individual herd. Although various criteria have been proposed to estimate 
the breeding value of individual animals, the worth of these has been 
only partially evaluated. Some of the genetic and environmental relation- 
ships existing within several such traits were examined in the present 
study. 


Source of Data 


The data were collected at the U. S. Range Livestock Experiment Sta- 
tion, Miles City, Montana, in experiments conducted cooperatively by 
the Agricultural Research Service, U. S. Department of Agriculture, and 


the Montana Agricultural Experiment Station, Bozeman. 

Records of 542 Hereford bulls fed in record-of-performance tests from 
1940 to 1954, inclusive, were used. Bulls were by 116 sires from 11 inbred 
lines of different pedigree origin. Lines were established by purchasing 
related bulls and cows from individual herds in the various western states 
and by maintaining each line as a closed herd with no outside blood being 
introduced. Inbreeding has been relatively mild within the various lines. 

The following characteristics were studied: birth weight, weaning weight 
(180 days), weaning score, gain in the feed lot (196 days), efficiency of 
feed utilization (pounds of gain per 100 pounds of TDN), actual and 
adjusted final weight at the end of the feed-lot period. 

Breeding herds of 25 to 30 cows from each line were exposed to a 
bull from the same line for a period of 45 days. Dates of entry and exit 
from breeding pastures varied slightly between years, resulting in 8- to 
10-week variation in birth date over all years. Cows were selected to a 
large extent on weaning weight of their calves with some attention to 
fertility. Age composition of the various breeding herds differed appreci- 
ably. Selection of bulls was based largely on performance in the feed lot 

1 Swine Research Branch, Animal Husbandry Research Division, A.R.S., Regional Swine Breeding 
Laboratory, Ames, Iowa. 

2 Beef Cattle Research Branch, Animal Husbandry Research Division, A.R.S., Denver, Colorado. 

8 Beef Cattle Research Branch, Animal Husbandry Research Division, A.R.S., U. S. Range Livestock 
Experiment Station, Miles City, Montana. 


* This study was conducted in cooperation with Western Regional Project W-1, The Improvement 
of Beef Cattle Through the Application of Breeding Methods. 
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with considerable emphasis on conformation. Herd sires were retained in 
the various lines until a bull with a superior record was found, or until 
other factors necessitated a change. 

Calves dropped during the 8- to 10-week period from March 15 to 
June 1, remained on the range with their dams until weaned in mid- 
October. The cows and calves were gathered about the first of September 
and sorted by lines of breeding. Bull calves to be put on feed-lot test 
were selected at this time, and the remainder castrated. Initial selection 
was based largely on weight, condition, and conformation of the calf with 
some attention to the weaning weights of the dam’s previous calves. In 
general, older calves were selected as they were heavier and appeared 
to be in much better condition. 

Bulls were started on feed about November 1, and were individually 
fed for a period of 196 days. A preliminary feeding period of about 14 
days preceded the start of the test. Initial weights were taken on three 
successive days at the beginning of the trial. 

The initial ration consisted of 2 to 3 lb. of a standard concentrate ration 
and alfalfa hay fed ad libitum. The ratio between hay and concentrate was 
adjusted until they were consuming 4 to 5 times as much concentrate as 
hay at the end of the trial. 

The concentrate portion of the ration was fed twice daily, from 8 to 
10 a.m. and from 1 to 3 p.m. and the roughage portion once daily. In 
the interim, the bulls were allowed to exercise in a large lot adjacent to 
the barn. The amount actually fed was adjusted to the appetite of the 
individual animal. Bulls were fed in individual stalls in a large barn. The 
progeny of a single bull were fed in adjacent stalls instead of being 
randomized throughout the barn. In consequence, environmental similar- 
ities might be confounded with differences between sires, thus influencing 
heritability estimates. Each bull retained the same stall throughout the 
course of the test. The barn was large, well-ventilated, but not drafty. 


Method of Analysis 


Heritability in the narrow sense was estimated within lines within years 
by paternal half-sib analysis. Limitations of this type of analysis were 
discussed earlier by Shelby et al. (1955). 

Weaning weights were adjusted to 180 days of age. Each record was 
individually adjusted on the basis of actual rate of gain from birth to 
weaning. Since all calves at the station were weaned on the same day 
each year, 6- to 8-week variation in age occurred within individual years. 
Records from 3- and 4-year-old cows were adjusted to a mature basis by 
adding 35 and 10 lb., respectively, to weaning weight. Final weights were 
adjusted to a standard age by addition of the 180-day weights to the 
196-day feed-lot gain. 

Corrections for age of calf or dam were not made in any of the studies 
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TABLE 1. ANALYSES OF VARIANCE OF SOME ECONOMIC TRAITS IN 
R.O.P. BULLS 








Trait 
Final wt. Efficiency 
Weaning (180-day = (Ib. gain 
wt.® Weaning Feedlot gain wt.+196- per 100 
Birth wt. (180 days) score Final wt. (196 days) day gain) lb. TDN) 





Mean squares » 


(Ib.) (Ib.) (%) (b.) (b.) (b.) Cb.) 
Total 541 81.1 2730 38.4 9018 3708 7547 3.93 
Between years a3. S23.9°° 54690** 666.5** 162434** 61912** 125034** 40.40** 
Between lines 
within years 55 136.8 4061** 34.2 12182* 5073* 11766* 8.12** 
Between sires 
within lines 47. 108.1°* 1695* 36.4" 8392** 2941** 6186** 3.20" 
Within sires 426 57.8 1086 0.0 3996 1840 3567 2.34 





® Adjusted for age of dam. 
> Expectation of mean squares. 

Cc D 
r =1.0000 .9909 0.9731 0.9044 
4 =1.0000 .3360 13.9007 37.6370 
Y-L =1.0000 .5255 6.2865 
Y-L-S=1.0000 
Ww =1.0000 


on weaning score. If weaning weight and score are as closely correlated as 
Clark et al. (1958) have indicated (0.65), older and heavier calves at 
weaning would be assigned a high score. 

A hierarchal type of classification was used to separate the variance 
into component parts. Lines were grouped within years, and sires within 
lines. This method of analysis does not take into account the fact that 
lines and sires were used in several years. 


Results 


Analyses of variance and variance components are shown in tables 
1 and 2. Heritability estimates are also given in table 2. 

Variance components have been computed for all traits even though 
the selection pressure exerted for birth or weanling traits in determining 
which of the animals were to be retained as bulls could have influenced 
the relationships among these. In view of the selected nature of the data, 
heritability estimates of the post weaning traits only have been presented. 
Heritabilities of these traits could also have been influenced by the fact 
that the bulls in this population represent a select group. However, in 
view of the low relationships usually observed between pre- and post- 
weaning performance, this is not believed to be potentially serious and 
the heritabilities are presented as indications of what may be expected in 
populations of this type. The following heritabilities were obtained: feed- 
lot gain (196 days) 0.46, actual final weight 0.77, adjusted final weight 
0.55, and efficiency of feed utilization 0.32. 
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Discussion. Differences between years were highly significant for all 
characteristics. Weaning weight (180 days), weaning score, feed-lot gain 
(196 days), and actual and adjusted final weight were influenced greatly 
by year effects which were responsible for 44, 42, 37, 41, and 36% of 
the total variance, respectively. Birth weight and efficiency were affected 
only slightly, accounting for only 11 and 18%, respectively. 

Differences between lines within years were highly significant for wean- 
ing weight (180 days) and efficiency of feed utilization, and were signifi- 
cant for feed-lot gain and for both actual and adjusted final weight. Al- 
though line differences were statistically significant, their actual effect on 
the various traits was small. The fractions of the total variance attributable 
to this influence were 7, 13, 9, 7, 11, and 19% for birth weight, weaning 
weight (180 days), feed-lot gain, actual and adjusted final weight and 
efficiency. Differences between lines were very slight in comparison to 
differences between years. 

Considerable variation in number of bulls tested exists between lines. 
Several factors have caused this. First, some lines were quickly assessed 
and dropped because of low productivity. Other lines are still relatively 
new, and few bulls have been evaluated. Line 1 is the only group retained 
throughout the entire study. It was divided into five sublines of about 30 
cows in the later years of the experiment. These have remained almost 
completely closed until recent years. Bulls were tested from all of these. 
Some variation between the various sublines may exist. In several instances, 
an individual line was represented by only one sire per year. As a conse- 
quence, sire and line effects would be completely confounded in that 
line-sire subgroup. 

Differences between sires within lines were highly significant for all 
traits except weaning weight, which was significant at the .05 level. The 
fraction of the total variances accounted for by differences between sires 


TABLE 2. COMPONENTS OF VARIANCE FROM THE ANALYSIS OF 
VARIANCE IN TABLE 1 








Item 





Birth ; : ; 82.2 
weight, lb. 100 
Weaning weight » d 2 2862 
(180 days), Ib. G . 3 100 
Weaning a . 3, —0.: ¢ 40. 
score, % —l 100 
Feed-lot gain Abs. 238 343 x 3857 
(196 days), lb. y 6 9 100 
Final Abs. g 949 619 9410 
weight, lb. 10 7 100 
Final wt. ( 180-day S. : 565 897 7845 
wt.+196-day gain), lb. y 7 11 Q 100 
Efficiency, Abs. 2.34 0.20 0.77 3 4. 
Ib. gain/100 # TDN “ 58 5 19 100 





. The upper row gives absolute values and the lower row percentage of the total variance. 
> Adjusted for age of dam. 
°o,2, o,?, 0,3, 6,2, and o,°, refer to error, sire, line, year, and total variance. 
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was 12, 5, 9, 6, 10, 7, and 5% for birth weight, weaning weight, weaning 
score, feed-lot gain, actual and adjusted final weight, and efficiency of 
feed utilization, respectively. Since over half of the bulls tested were from 
Line 1, this variance may be too low if the genetic variability within that 
line has been reduced by the effects of selection and inbreeding. In gen- 
eral, the fraction of the variance attributable to sires was less than 10% 
of the total. 

Several genetic studies have been done on Miles City steer data. Results 
from Knapp and Clark (1950), Knapp and Clark (1951), Koch (1951), 
Shelby (1955), and Koch and Clark (1955) should be essentially com- 
parable to the present study. A fairly extensive review of the literature 
is found in Shelby et al. (1955). Comparisons between the present study 
and Shelby et al. (1955) provide some interesting contrasts. These will 
be discussed in some detail. 

The bulls in the present study were more highly selected than the 
steers in earlier studies. Most of the male calves in the grade herd were 
castrated at 1 to 6 weeks. The majority of these were later used in feeding 
trials. Only those individuals which were sick or unhealthy were excluded 
automatically. A total of eight steers was selected at random from the 
remainder. In contrast, bulls in the pure-bred lines remained entire until 
about five months of age when approximately 40% were castrated. The 
remainder were put on feed at the same time as the steers, and were fed 
for a total of 196 days. Selection of bull calves was based largely on the 
individual appearance and growth to time of selection with some attention 
to the previous record of the dam. 

Estimates of the heritability of gain in the feed lot (0.46) were found 
to be noticeably lower than in the earlier studies of Shelby et al. (1955)— 
(0.60), Knapp and Clark (1950)—(0.65 and 0.77), and Knapp and 
Clark (1951)—(0.71). Total variance was 22% less than in the steers. 
Error and year variances were reduced about one-fourth, and sire about 
one-half. Several factors could account for this. The length of feeding 
period was shorter for the bulls (196 days) than for the steers (252 days). 
Too, environmental conditions could have been slightly more uniform for 
the individually fed bulls than for the group-fed steers. Bulls were selected 
from the top 60% of all male calves at about 6 weeks prior to weaning, 
while the steers to be tested were picked at random at weaning from the 
available healthy steer calves in the grade herd. Line differences increased 
only 2 times over the previous study. 

The estimate for final weight (0.77) was similar to the results of 
Shelby et al. (1955)—(0.84), but was somewhat less than of Knapp and 
Clark (1950)—(0.86 and 0.92). The total variance was 114 times that 
in the steer study. Since the steers were 56 days older than the bulls 
when taken off test, total variance would have been expected to be 
greater in the earlier study. Too, the steers (928 lb.) were somewhat 
heavier at the termination of the feed-lot period than the bulls (880 Ib.). 
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Examination of the actual components of variance show that error and 
sire variance were essentially unchanged, but year variance was approxi- 
mately 3 times as great. More striking, line variance was 16 times as 
great. Thus, the various lines differed greatly in weight for age, but much 
less importantly for rate of gain in the feed lot. 

From table 2 it is evident that a much larger fraction of the total 
variation is due to differences between lines than in the steer study. The 
slightly earlier age of the bulls could be a causative agent. If much 
variation exists between lines at about 13 months of age, but tends to 
level off and disappear at 15 to 16 months, a portion of the variability 
between lines could be accounted for. Likewise, more (total) variation 
should occur in progeny from pure line matings than from bulls of dif- 
ferent lines of breeding top-crossed on cows of uniform breeding. 

When final weight was adjusted to a constant age by adding 180-day 
weight to 196-day feed-lot gain, the heritability estimate (0.55) was much 
lower. Total variance was 17% less than actual final weight as a result 
of this correction, while error variance decreased by 11%. The absolute 
value of the variance between lines increased 114 times as a result of this 
adjustment. 

Efficiency of feed utilization (0.32) remained low, but was slightly 
higher than the previous estimate of Shelby e¢ al. (1955)—(0.22). 

Comparison of the effects of various environmental influences on the 
total variance in the present study with the earlier study of Shelby e¢ al. 
(1955) on the Miles City steers reveals some interesting facts. With the 
exception of feed-lot gain, the absolute values of the total variances have 
been appreciably larger. Since the bulls are on feed 196 days instead of 
252 days, this exception was to be expected. 

Differences between years were responsible for about 40% of the total 
variance in weaning weight, weaning score, gain in the feed lot, and actual 
and adjusted final weight. The absolute values increased 1.4, 3.0, and 2.5 
times for weaning weight, actual final weight, and efficiency, and decreased 
one-fourth for gain in the feed lot. That these traits are affected importantly 
should be considered when comparing records made in different years. 

Variance between lines was responsible for about 10% of the total 
variance in most traits. Line and years had almost equal effects on 
efficiency of feed utilization. Although line differences accounted for a 
small fraction of the total variation in most traits, they were much larger 
than in the steer data. The absolute values were 26, 16, 2, and 5 times 
as great for weaning weight, actual final weight, feed lot gain and efficiency 
of feed utilization. Milking ability, weight at 13 months, and efficiency of 
feed utilization varied importantly between lines. Although the variance 
between lines in feed-lot gain almost doubled, it was only slightly affected 
in comparison to the other variables. Of course, actual differences between 
lines are more accurately portrayed here than in the previous study where 
bulls from the various line were mated to grade cows of predominately line 
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1 breeding. Variances between lines were often less than between sire 
groups in the earlier study. 

Variances between sires (absolute values) changed slightly. Efficiency of 
feed utilization doubled, feed-lot gain halved, and weaning weight increased 
about one-third. 

Error variance had decreased one-third for weaning weight, one-fourth 
for feed-lot gain, and increased about one-half for efficiency. No doubt, 
the correction for age of dam was instrumental in reducing the variance 
in weaning weight, while the shorter feed-lot period reduced the variance 
in feed-lot gain. 

The changed interrelationships of the various variables has caused the 
heritabilities to shift somewhat in value from those obtained from the 
steers. Feed-lot gain (0.46) decreased one-fourth, and final weight (0.77) 
one-tenth. Adjusted final weight (0.55) was one-third less than the 
earlier estimate. Efficiency (0.32) increased about one-half. 

The present estimates of heritability indicate that considerable progress 
may be made by mass selection for certain of the traits studied. Final 
weight (13 months) seems to be the most promising criterion for selection. 
Evidently, weight at this age differs sufficiently between sire groups and 
lines of breeding to produce appreciable progress. Feed-lot gain was 
sufficiently heritable to permit considerable progress. 


Summary 


Data from 542 bull calves tested in record-of-performance tests at the 
U. S. Range Livestock Experiment Station, Miles City, Montana, from 
1940-54 were analyzed. Estimates of heritability were obtained by paternal 
half-sib correlation for several economic characteristics. They include: 
gain in the feed lot, 0.46; final weight (13 months), 0.77; adjusted final 
weight, 0.55; and, efficiency of feed utilization, 0.32. 

The total variance was greater for most traits than in the steers. Dif- 
ferences between years was the most important source of variance. Wean- 
ing weight, gain in the feed lot, efficiency of feed utilization, and final 
weight varied importantly between lines. Weight at 13 months appeared to 
be the most valuable criterion for selection. 
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ENZYME ADDITIONS TO FATTENING CATTLE RATIONS?? 


WIsE BurRoUGHS, WALTER Woops, S. A. EwInc, JOHN GREIG, 
AND BRENT THEURER 


Iowa State University, Ames 


| avira which are secreted from the various glands lining the 

digestive tract of animals are well known with respect to their action 
upon food digestion. That ample enzymes are secreted from these glands 
in livestock and poultry for maximum digestion appears to be well estab- 
lished for many diets, possible exceptions being certain diets consumed 
by the baby pig (Catron et al., 1957) and certain diets consumed by the 
young chicken (Fry e¢ al., 1957). In testing the value of dietary sources 
of supplemental enzymes, most investigations in the past have been con- 
cerned with total ration digestibility rather than the possible action of 
enzymes as growth or liveweight gain stimulators. The possibility that 
dietary sources of enzymes might act as liveweight gain stimulators ap- 
peared attractive in cattle and other ruminants since their digestive tracts 
and enzyme sources (rumen fermentation) differ from those of non- 
ruminant animals. The purpose of this study was to determine whether a 
specially prepared mixture of dried enzymes of bacterial origin when 
added to the ration would stimulate liveweight gains in growing and 
fattening cattle. A secondary purpose of this study was to determine 
whether total ration digestibility would be appreciably influenced by 
this dietary enzyme mixture. 


Experimental Procedure 


Ten group-feeding trials and one digestion experiment were conducted. 
The feeding trials comprised 325 cattle in 43 separate pens, approximately 
half of them being fed Agrozyme and compared with respective control 
pens of cattle which were not fed the enzyme mixture. The level of 
Agrozyme fed was either 0.0075 or 0.0150 Ib. per animal per day. It was 
incorporated in the protein supplemental mixture and top-dressed over 
the other ration ingredients. The length of the feeding period in the various 
trials ranged from 84 to 250 days, averaging 140 days. Steers were fed in 
eight of the trials whereas heifers were fed in trial 7 as identified in table 1 
and a mixed group of heifers and steers were fed in trial 1. The age of 
the cattle at the beginning of the feeding periods was approximately 20 
months in eight trials and approximately 10 months in two trials (Nos. 6 
and 7). 


1 Journal Paper No. J—3562 of the Iowa Agriculture and Home Economics Experiment Station, 


Ames, Iowa. Project 869. 
2The enzyme mixture used (Agrozyme) was supplied by Merck Sharp and Dohme Research 
Laboratories and contained both amylolytic and proteolytic enzymes as well as others. 
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The type of ration fed varied from a heavy corn finishing ration in 
trials 1 through 6 to silage rations in which corn, oats, oats and a mixture 
of alfalfa-brome were fed in trials 7 through 10 respectively. A typical 
heavy corn-finishing ration fed in the first six trials consisted of 16 lb. 
of ground ear corn, 3 Ib. of alfalfa hay and 1 Ib. of supplement per animal 
daily. The amount of total ration consumed by the cattle in each feeding 
trial is listed in table 1. A typical silage ration fed in the last four trials 
consisted of 35 lb. of silage, 2 lb. of alfalfa-brome hay, 2 lb. of ground 
ear corn and 1 lb. of protein supplement per animal daily. The protein 
supplement fed in trials 1 through 5 consisted of a mixture of soybean 
oil meal, urea, molasses, and minerals. The protein supplement fed in trial 
6 was soybean oil meal. Stilbestrol was also included in the supplement in 
the first six trials only. Block salt and a mineral mixture composed of 
bone meal, ground limestone, salt, and trace minerals were self-fed to 
all pens of cattle. 

The experimental plans employed in the 10 feeding trials varied from 
trial to trial. In trial 3, one lot of cattle fed Agrozyme was compared with 
a control lot of cattle. In trial 1, two lots of cattle received the two 
respective levels of Agrozyme and were compared with a control lot of 
cattle. In each of trials 4 and 5, two control lots were each compared with 
two lots fed Agrozyme at two respective enzyme levels. A somewhat dif- 
ferent design was used in trial 2 in which three control lots of cattle were 
compared with three respective Agrozyme-supplemented lots. In each 
of trials 6 through 10 two control lots of cattle were compared with two 
Agrozyme-supplemented lots of cattle. 

The performance of the cattle in all lots of the 10 feeding trials was 
recorded with respect to daily rate of liveweight gain (individual animal 
measurements) and feed consumption (total pen measurements). Also 
feed conversion per 100 lb. of gain was computed on a total pen basis. 
In four of the trials (1, 2, 4 and 5) individual animal slaughter data 
were recorded which included dressing percent and federal carcass grade. 
Dressing percent was based on 3-day, full-liveweights off experiment and 
hot carcass weights shrunk 2.5%. Federal carcass scores were based on 
8.0—average choice, 7.0—low choice, 6.0—high good, and 5.0—average 
good. 

The statistical analyses of liveweight gain data recorded in the indi- 
vidual feeding trials were by the method of analyses of variance in all 
trials except 1 and 3. The mean square values of the individual trials 
were tested to determine homogeneity of variances as described by Snede- 
cor (1956). The mean squares did not differ significantly. A further 
appraisal of the liveweight gain data was based on pooled data (Cochran 
and Cox, 1957). Trials 1, 4 and 5 were pooled and trials 2, 3, 6, 7, 8, 9 
and 10 were pooled for this analyses. The pooled data for feed per 100 
Ib. gain were also analyzed by this method. 

The digestion experiment was conducted with eight steers in a reversal 
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design. Four steers were initially fed the control ration listed in table 3 
and four were fed the enzyme-supplemented ration for a ten-day pre- 
liminary period prior to a ten-day collection period which was used in 
determining digestibility. Following the first collection period the treat- 
ments were reversed and the collection and preliminary periods repeated. 
Standard methods of analysis were employed in determining dry matter, 
organic matter, protein and cellulose digestibility. 


Results and Discussion 


The average feedlot performance and carcass evaluation by trials are 
presented in table 1. Since the performance of the cattle receiving the 
high level of enzyme supplement was similar to that observed with the 


TABLE 3. DIGESTIBILITY OF CONTROL AND ENZYME-SUPPLEMENTED 
RATION 








Group and ration designation Control Enzyme 





Number of steers 8 8 
Weight of steers, lb. 551 564 
Av. daily ration 

Ground corn, lb. 6 

Alfalfa hay, Ib. 2. 

Supplement, Ib. 0. 

Total, Ib. 9 
Digestibility 

Dry matter, % (He 

Organic matter, % 78.: 

Protein, % 70. 

Cellulose, % 62. 





lower level, no distinction was made between the two levels in sum- 
marizing the data. Liveweight gains were increased in the enzyme-supple- 
mental lots over the control lots, on the average, by 7% or from 1.86 lb. 
to 1.98 Ib. per animal daily. In only two of the ten trials did liveweight 
gain fail to be as large in the enzyme-supplemented lots as in the respec- 
tive control lots; in one of those two trials (No. 2) a high-corn ration 
was fed, whereas in the other trial (No. 10) a high-silage ration was fed. 
In general, the response of the enzyme supplement on liveweight gains was 
as great where high-silage rations were fed as where high-corn rations were 
fed. Based on the statistical analysis of the pooled data (table 2), using 
a P=0.05 value or higher for significance, rate of liveweight gain was 
significantly higher in the enzyme lots. In the individual trial analyses, 
enzymes significantly increased daily gain in trials 4, 7 and 8. 

Average daily feed consumption averaged 1% higher in the enzyme- 
supplemented cattle as compared to the control animals. This difference 
although small was fairly consistent with the high-corn rations where 
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grain full-feeding conditions prevailed. In the case of the high-silage 
rations, no difference in feed consumption occurred since enzyme-supple- 
mented and respective control lots were restricted to the same total feed 
consumption. 

Feed conversion or feed per 100 lb. gain was improved an average of 
6% in the enzyme-supplemented lots over the controls in the 10 trials, 
or a reduction from 1201 lb. to 1129 Ib. per 100 lb. gain on an air-dry 
basis. As in the case of rate of gain, feed conversion was consistently 
better in the enzyme lots in the 10 trials, with the exceptions of trials 2 
and 10. This difference when analyzed on a pooled experiment basis proved 
statistically significant (P<0.05). 

Carcass analyses following slaughter failed to reveal any consistent 


TABLE 2. COMBINED ANALYSIS OF VARIANCE FOR WEIGHT GAIN AND 
FEED PER 100 LB. GAIN 








Experiments 1,4 and 5 Experiments 2,3,6,7,8,9 and 10 








Mean square Mean square 


Feed per Feed per 
Degrees Daily 100 lb. Degrees Daily 100 Ib. 
Source of variation freedom gain gain freedom 





Total 14 tes 27 
Experiment 2 ; 1014 6 
Enzyme .0618 3901 1 
Control vs. enzyme : k 7270 
Level of enzymes .003: 533 ~ 
Experiment x enzyme .013: 559" 6 .0205 
Error .01; 1902° 14 .0072 





® Experiment x enzyme interaction and error were combined for the F test of treatments. 


differences between control and enzyme-supplemented cattle. Nevertheless, 
both dressing percent and federal carcass grade averaged slightly higher 
(table 1) in the enzyme-treated cattle as compared to the controls in the 
four experiments where carcass measurements were available. More data 
are needed in evaluating such a small difference; however, the present 
data suggest that the carcasses from the enzyme-fed cattle were at least 
as good and in no way inferior to those of the non-enzyme fed. 

The results of the digestion experiment revealed no differences in 
total digestibility between enzyme-supplemented and control rations 
(table 3). The values obtained for dry matter, organic matter, protein 
and cellulose digestion, respectively, were similar with respect to the 
two groups of cattle. This result, or lack of influence of the enzyme sup- 
plement upon total ration digestibility, suggests that the physiological 
action of the enzyme supplement in stimulating liveweight gains and 
improving feed conversion may be something other than the total quanti- 
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tative supplementation of body and bacterial enzymes normally present 
in the digestive tract of cattle. It seems plausible in the light of preliminary 
investigations (Greig, 1959) that these supplementary enzymes may have 
exerted their principal action in stimulating rumen fermentation in the 
first segment of the digestive tract of cattle without improving total di- 
gestion throughout the digestive canal. Digestion in cattle and other rumi- 
nants is unique in that an early digestion or predigestion (rumen fermenta- 
tion) takes place prior to the food being subjected to body enzymes in 
the true stomach (abomasum) and later subjected to other body enzymes 
in the intestines. The proposed stimulation of rumen fermentation by 
supplementary enzymes might, therefore, result in increased liveweight 
gains in cattle through such products produced and made available by 
rumen microorganisms as B-vitamins, amino acids, short chain fatty 
acids, or beneficial nutrients as yet unrecognized. The present study offers 
no clues as to the type of enzyme responsible for the stimulation in cattle 
liveweight gains and improved feed conversion. The enzyme supplement 
that was fed contained both proteolytic, and amylolytic as well as other 
enzymes. Also, the type of cattle ration that was improved varied, on the 
one extreme, from those containing a high amount of starchy grain to 
those, on the other extreme, containing a high amount of roughage. The 
high-roughage rations were benefited somewhat more than the high-grain 
rations. The ration characteristic showing the most relationship between 
cattle response and enzyme supplementation when considering all 10 trials 


was total percentage of protein on an airdry basis. Enzyme supplementa- 
tion in the five trials (3, 4, 5, 7 and 8) each with 10% or less total ration 
protein (Av.—9.7%) resulted in an average stimulation in liveweight gain 
of 10% and an improved feed conversion of 8%. Enzyme supplementation 
in the five trials (1, 2, 6, 9 and 10) each with more than 10% ration pro- 
tein (Av.=11.1%) resulted in only a 3% liveweight gain stimulation and 
a 2% average improved feed conversion. 


Summary 


The value of adding a dried enzyme mixture of bacterial origin (Agro- 
zyme) to beef cattle rations was investigated in 10 feeding experiments 
making use of 325 cattle divided into 43 experimental groups. The enzyme 
mixture was fed at the rate of either 0.0075 or .015 lb. per animal daily 
incorporated in the protein supplement allowance. Replicate lots, both 
enzyme-fed and control, were included in 8 of the 10 experiments. Both 
fattening and growing rations were fed either to steers or heifers for periods 
ranging from 84 to 250 days in the respective experiments. Rate of live- 
weight gain, feed consumption, feed required per unit of gain and carcass 
measurements, including dressing percentage and federal grade, were 
the primary criteria. Liveweight gains were increased an average of 7% 
in the 10 experiments by feeding the enzyme mixture. Little or no influence 
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upon feed consumption was noted. However, feed required per unit of 
gain was improved in the enzyme-fed cattle by an average of 6% in the 
10 experiments. No consistent improvement was noted in dressing percent 
and federal carcass grade although the cattle fed enzymes averaged slightly 
higher in both measurements. The increase in gain and feed conversion 
noted in cattle was not associated with an increase in total ration digesti- 
bility in separate digestion trials. Dry matter, organic matter, protein and 
cellulose digestibility was not influenced by enzyme supplementation. 
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FURTHER OBSERVATIONS UPON THE EFFECTS OF METHI- 
MAZOLE UPON FEEDLOT PERFORMANCE AND CARCASS 
CHARACTERISTICS OF FATTENING BEEF CATTLE? 


WisE BURROUGHS, ARTHUR RAUN, ALLEN TRENKLE AND NED RAUN 


Iowa State University, Ames 


I‘ an earlier paper (Burroughs et al., 1958) the addition of methima- 
zole* to a fattening cattle ration resulted in increased liveweight gain 
and improved feed conversion during a relatively short (79-day) feeding 
period. In that initial experiment the more effective levels of methimazole 
were 400 to 800 mg. per animal, daily. The extension of the feeding period 
up to 176 days (Burroughs e¢ al., 1959) resulted in a much less favorable 
response from methimazole. When smaller amounts of methimazole (125 
to 285 mg. per animal, daily) were administered by others to cattle, no 
favorable response on liveweight gains was noted (Pope e¢ al., 1957; Com- 
fort et al., 1958; Blair e¢ al., 1958). The primary purpose of the present 
study was to determine whether a relatively high level of methimazole 
(600 mg. per animal per day) would regularly stimulate liveweight gains 
in fattening cattle during short feeding periods of 2 months or less. A 
secondary purpose of this study was to determine whether beef carcass 
characteristics would be altered by methimazole fed at this high level 
for 30 to 60 days immediately preceding slaughter. 


Experimental Procedure 


Eight cattle-feeding experiments each for short periods of time ranging 
from 35 to 56 days were conducted with 259 animals. In all experiments, 
cattle were similarly treated before being placed on trial. Animals were 
blocked by weight and then randomly assigned to treatment. The cattle 
were fed in 37 pens, approximately half of them receiving 600 mg. of 
methimazole per head daily and the others serving as controls. The 
cattle at the beginning of the different experiments ranged in age from 
20 to 28 months and weighed from 680 to 1077 lb. Steers were used in 
experiments 1—7 and heifers in experiment 8. The different experiments 
were conducted intermittently over a 22-month period under environmental 
conditions ranging from cold to warm weather. The first three experiments 
were conducted during the first part of the fattening period in which the 
cattle initially weighed less than 1000 Ib.; the cattle were not slaughtered 
at the end of methimazole feeding. The last five experiments were con- 
ducted during the terminal part of the fattening period in which the cattle 

1 Journal Paper No. J—3499 of the Iowa Agriculture and Home Economics Experiment Station, Ames, 
Towa, Project No. 869. 


2 Methimazole (1- methyl 2 mercapto Imadazole) was supplied by Eli Lilly Company, Indianapolis, 
Indiana. 
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initially weighed approximately 1000 lb. They were slaughtered immedi- 
ately following the methimazole feeding period. 

In most experiments three consecutive body weights were taken at the 
beginning and end of the feeding period from which average daily gains 
were computed. Feed consumption in all experiments was recorded and 
the average computed (table 1). A typical ration consisted of a full-feed 
of ground ear corn (16 to 23 lb.), 3 lb. of alfalfa hay and 1 Ib. of sup- 
plement per animal daily. A typical supplement consisted of 80% soybean 
oil meal, 10% molasses and 10% minerals and salt. The supplement also 
contained 10 mg. of stilbestrol per lb. in all experiments except one 
replication in experiment 2. Feed conversion was determined in each 
experiment by dividing the number of pounds of daily ration per animal 
by the daily liveweight gain. 

All cattle in experiments 4 through 8 were slaughtered under similar 
conditions at Iowa packing plants located within 120 miles of the feeding 
pens. Dressing percents were based on full three-day liveweights off experi- 
ment and hot carcass weights shrunk 212%. All dressing percents com- 
puted in this fashion were, therefore, somewhat lower than conventional 
dressing percents computed on the basis of empty liveweights following 
transit to market. Fatness of carcass was appraised in experiments 4, 5, 
7 and 8 on the basis of fat cover over the loin region. This was measured 
by first tracing the external fat and the longissimus dorsi muscle cross- 
sectioned between the 12th and i3th rib. The width of the external fat 
was measured in inches on the tracing at three points located directly 
opposite the midpoint and two quarterpoints of a line drawn through the 
longest part of the outline of the longissimus dorsi muscle. Carcass grade 
was assigned by the Federal Grading Service in which each carcass was 
designated as being average, above average or below average for the grade 
assigned. From this designation each carcass was given a grade score on 
the basis of 8—=average choice, 7—low choice, 6—=high good, 5=average 
good, and 4—low good. 

The design of the different experiments differed somewhat. In experi- 
ments 1 and 5, one group of cattle receiving methimazole was compared 
with one control group in which there was no replication of groups within 
a given experiment. The design in experiments 2, 6 and 8 included two 
control and two methimazole lots or two replications in each experiment. 
Three replications were included in each of experiments 3, 4 and 7. The 
data with respect to average daily liveweight gain, feed per 100 Ib. gain 
and Federal carcass score were analyzed on a pooled basis by the method 
of Cochran and Cox (1957). 


Results and Discussion 


Average daily liveweight gain was increased by methimazole feeding in 
each of the eight experiments (table 1). This increase averaged 15% and 
amounted to 0.4 lb. per animal per day, the control animals averaging 
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2.73 lb. and the methimazole animals, 3.14 lb. Approximately this amount 
of increased gain due to methimazole feeding occurred irrespective of 
whether steers or heifers were fed and irrespective of whether stilbestrol 
was incorporated in the ration. Computed on the basis of the average 
length of time (51 days) methimazole was fed, steers receiving the goitro- 
gen gained an average of 20 lb. more than controls. These differences were 
statistically significant (P< .05, table 2). 

Daily feed consumption was influenced little if any by methimazole 
feeding. The control cattle consumed an average of 24.2 lb. feed daily 
as compared to 24.1 lb. consumed by the methimazole-fed cattle. Feed 
conversion, or feed per 100 lb. gain, was materially improved by 
methimazole in each of the eight experiments. On the average, it required 
942 lb. of feed per 100 lb. of gain in the control cattle and 818 Ib. in 
the methimazole-fed cattle. This difference which was statistically sig- 


TABLE 2. COMBINED ANALYSES OF VARIANCE FOR WEIGHT GAIN AND 
FEED PER 100 POUNDS OF GAIN 








Mean square 





Feed per 
Source of variation Degrees of freedom Daily gain 100 Ib. gain 


Total 3 

Methimazole ‘ 158169 
Experiment ; 293486 
Methimazole x experiment d 4729 
Error ; 12911 








nificant (P<.05) represents an improved feed conversion of 15%, similar 
in amount to the average improvement in rate of gain. 

Carcass characteristics (table 1) indicated improvement in Federal 
carcass grade but no influence upon dressing percent or loin fat cover 
resulting from methimazole. In four of five experiments carcass grade 
scores averaged higher for the methimazole-fed cattle. On the average, 
the improvement amounted to one-tenth of a Federal carcass grade. This 
difference approached significance (P>.10). 

The physiological action of methimazole in stimulating liveweight gains 
and improving feed conversion in cattle for short periods of time is not 
fully understood. Suggestions as to the manner in which this goitrogen 
brings about these effects were obtained in basal metabolism studies with 
lambs and measurements made on the thyroids and hypophysis of cattle 
treated with methimazole. These studies will be presented in detail in a 
companion paper (Raun e¢ al. 1959). 

It appears evident from the present study that 800- to 1200-pound 
cattle receiving a high-corn, fattening-type ration will put on, without 
additional feed, an average of 20 lb. extra gain per head as the result 
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of feeding 600 mg. of methimazole daily during a 50-day feeding period. 
Feeding a substantially smaller or a larger amount than 600 mg. for 
either a shorter or longer feeding period than about 50 days appears 
less effective in stimulating liveweight gains in cattle (Burroughs et al., 
1958; Burroughs e¢ al., 1959; Pope et al., 1957; Comfort et al., 1958; 
Blair et al., 1958). It also appears evident that this extra 20 lb. of gain 
will result in approximately 12 lb. more dressed beef per carcass without 
adversely affecting carcass quality. However, the carryover effect of early 
methimazole treatment upon subsequent performance when goitrogen ad- 
ministration is discontinued has not been determined. These considerations 
suggest the possibility that methimazole usage in feeding practice might be 
most beneficial in the finishing ration fed to cattle during the two months 
immediately preceding slaughter. 


Summary 


Eight cattle feeding experiments involving 259 cattle were conducted 
to study the effects of feeding 600 mg. of methimazole (Tapazole) per 
animal per day for short feeding periods ranging from 35 to 56 days. 
Methimazole increased daily liveweight gain in each experiment by an 
average of 15%, or 0.4 lb. per animal per day. Approximately this amount 
of increased gain occurred whether steers or heifers were fed or whether 
or not stilbestrol was included in the ration. Methimazole feeding had 
little or no influence on daily feed consumption. However, feed conversion 
was improved in each of the eight experiments by an average of 15%. 
Carcass data obtained in five of the eight experiments indicated that 
the addition of methimazole to the ration during the latter part of the 
feeding period had no influence on dressing percent and depth of loin fat 
cover. However, there was a tendency for methimazole-fed cattle to grade 
slightly higher, averaging one-tenth of a Federal grade. 
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EFFECT OF UTERINE HORN PREGNANT, PARITY OF DAM 
AND SEX OF CALF ON BIRTH WEIGHT AND GESTA- 
TION LENGTH IN ANGUS AND SHORTHORN COWS? ? 


W.D. Foote, E. R. HAUSER AND L. E. CASIDA 


University of Wisconsin, Madison 


ARIATIONS in birth weight and gestation length of the beef breeds 

of cattle have been studied by a number of workers. Particular attention 
has been given in their reports to such factors as parity, age, weight, and 
nutrition of the dam, inbreeding of the dam and of the calf, sex of the 
calf, and season of year. Foote et al. (1959) found that calves in one 
Holstein herd if carried in the right uterine horn were significantly heavier 
at birth than if carried in the left uterine horn, No information has been 
reported in the literature, however, on the effect of uterine horn of 
pregnancy in beef cattle. 

In the present study an evaluation was made of the effect of uterine 
horn (location—right or left side) in which pregnancy was maintained on 
birth weight and gestation length in a herd of Angus and Shorthorn 
cattle, 


Materials and Methods 


The data studied were taken from the records of the University of Wis- 
consin purebred Angus and Shorthorn herds. All of the cows were main- 
tained together, thus subjecting both breeds to essentially the same 
environment. 

Records from 48 Angus cows with 128 gestations and 35 Shorthorn 
cows with 72 gestations terminating in live births of single calves from 
December 1952 through November 1958 were studied. 

The uterine horn in which each calf was gestated (right or left) was 
determined by rectal palpation of each dam at 35 to 41 days of pregnancy. 
Abnormal calvings and abortions of calves carried longer than 150 days 
were considered as calvings in determining the parity of normal calvings. 
Parity was classified as first, second and later-than-second calvings. 

Most errors in recorded gestation lengths would be eliminated from this 
study since pregnancy examinations were made at a time that errors in 
conception date would be detected. 

Effects of parity order of the dam and sex of the calf on birth weight 
and gestation length were estimated by standard partial regressions and 
partial regression. Using the calculated partial regressions as adjustment 

1 Paper from the Department of Genetics No. 751 and the Department of Animal Husbandry, 
published with the approval of the Director of the Agricultural Experiment Station. 


2 Study supported in part by funds allocated on the recommendation of the North Central Technical 
Committee on Beef Cattle Breeding (NC1). 
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factors, each birth weight and gestation period was adjusted for the effect 
of parity and sex and the data analyzed for the effects of breed and 
uterine horn pregnant. 


Results 


The unadjusted Angus birth weights ranged from 30 to 79 Ib. and 
averaged 56.2 lb. The corresponding values for Shorthorns were 41 to 
82 Ib. and 59.9 lb. The ranges and average lengths of the gestation periods 
were 236 to 289 days and 278.6 days for the Angus and 247 to 291 days 
and 275.9 days for the Shorthorn breeds. 

The standard partial regressions and partial regressions of birth weight 
and gestation length on parity and sex are shown in table 1. The effect of 
parity on birth weight was highly significant for both the Angus and Short- 
horn breeds (b’=0.43 and 0.34, respectively). Before calculating the 
regressions sex was coded, females zero and males one. Male Angus calves 


TABLE 1. EFFECT OF PARITY AND SEX ON GESTATION LENGTH 








Angus Shorthorn 


Independent 
variables Birthweight Gestation length Birthweight Gestation length 


b’ b b’ b b’ b b’ b 


Parity 0.43%" 3.17 0.20* 1.59 0.34** 3.33 —0.05 —0.42 
Sex O.17* 2.35 0.10 1.16 0.15 2.39 —0.33%* —4.37 








* P<0.05. 
** P<0.01. 
b’=standard partial regression. 
b=partial regression. 


were significantly heavier than females at birth (b’=0.17) and the trend 
was similar although statistically insignificant for Shorthorns (b’=0.15). 
The regression of gestation length on parity was also significant for the 
Angus (b’=0.20) but was insignificant and small for the Shorthorn 
(b‘’=—.05). Maternal changes associated with age or repeated preg- 
nancies in some way seem to affect the factors controlling the length of 
gestations of Angus cows but appear to be of little effect in Shorthorn 
cows. Shorthorn female calves were carried significantly longer than Short- 
horn males (b’=—.33 and b=—4.37 days) while sex had no significant 
effect on gestation length of the Angus (b’=0.10 and b=1.16 days). 
The latter regression, however, is in agreement with reports in the 
literature that male calves tend to be carried about one day longer than 
females. 

The means of birth weights and gestation lengths adjusted for parity 
and sex are shown in table 2. These adjusted data were analyzed, using 
the method of weighted means for disproportionate subclass numbers 
(Snedecor, 1956) to test for main effects and interactions of breed and 
uterine horn pregnant on birth weight and gestation length. Breed dif- 
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ferences were highly significant for both dependent variables. Shorthorn 
calves were 4 lb. heavier than Angus calves at birth while Angus gesta- 
tion lengths were 6.8 days longer than those for the Shorthorn (table 2). 
Neither horn of pregnancy nor interaction between horn and breed affected 
birth weight significantly. Gestation length was not significantly affected 
by uterine horn pregnant but was affected by an interaction between horn 
and breed (P<0.05). Angus calves in the left uterine horn were carried 
one day longer than those in the right while Shorthorn calves in the right 
horn were gestated 2.7 days longer than those in the left. 

Discussion. The failure to show a significant association between parity 
and gestation length in the Shorthorn breed is in agreement with findings 
of Knapp et al. (1940). In the present study the Shorthorn breed appeared 
to be unique also in that sex had little effect on birth weight and females 
were gestated significantly longer than males. Knapp et al. (1940) and 
Burris and Blunn (1952), however, reported that Shorthorn male calves 


TABLE 2. MEAN GESTATION PERIODS AND BIRTH WEIGHTS ADJUSTED 
FOR PARITY AND SEX OF CALF, BY BREED AND UTERINE HORN 








Birth weight, Ib. Gestation length, days 








Comparison Angus Shorthorn Angus Shorthorn 





Right horn 58.8 (78)* 63.8 (44) B 274.5 
Left horn 59.7 (50) 62.6 (28) ‘ 271.8 
Breed means 59.2 (128) 63.2 (72) ; 273.2 





® Numbers of calves are in parentheses and are the same for birth weights and gestation periods. 


were heavier than females at birth and the latter workers found no effect 
of sex on the gestation length of this breed. 

Any influence of sex on fetal development is considered to be an effect 
of genotype of the fetus. It appears that autosomal breed differences may 
influence this effect as indicated by longer gestation periods for female 
calves than for males in Shorthorns with a reverse trend existing in the 
Angus. Parity is presumed to produce its observed effect through changes 
in the maternal environment. The noted effects of breed on birth weight 
and gestation length are presumably due to genetic differences in both the 
fetus and the prenatal environment furnished by the dam. 

Foote et al. (1959) found that the uterine horn pregnant affected birth 
weight of Holstein calves significantly but there was no effect of horn on 
gestation length or of an interaction between horn and sire line of the dam 
on either birth weight or gestation length. In the present study the horn 
pregnant did not affect either birth weight or gestation length significantly 
over both breeds but an interaction between horn pregnant and breed did 
have a significant effect on gestation length. Although no general conclu- 
sion can be drawn regarding the influence of uterine asymmetry, it appears 
that some genetically influenced variation in the local maternal environ- 
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ment of the uterine horn may affect fetal growth rate or time of termination 
of pregnancy. 


Summary 


Records on 128 gestations from 48 Angus cows and 72 gestations from 
35 Shorthorn cows were studied by standard partial regression and analysis 
of variance. Tests were made for effects of parity of the dam, sex of the 
calf, breed, and uterine horn pregnant in the dam on birth weight and 
gestation length. 

The standard partial regression of birth weight on parity was highly 
significant for both the Angus and Shorthorn breeds (0.43 and 0.34, 
respectively). The corresponding value for gestation length was significant 
for the Angus (0.20) but not for the Shorthorn (—.05). The standard 
partial regression of birth weight on sex of the calf was significant in the 
Angus breed (0.17). The standard partial regression of birth weight on 
sex in the Shorthorn breed was 0.15 which was not significant. Gestation 
length was not significantly affected by the sex of the calf in the Angus 
breed (b’=0.10), but female Shorthorn calves were gestated significantly 
longer than males (b’=—.33, P<0.01). After birth weight and gestation 
lengths were adjusted for parity and sex it was found that Shorthorn 
calves averaged 4 Ib. heavier at birth than Angus calves (P<0.01) while 
the average Angus gestation length was 6.8 days longer than that of the 
Shorthorn breed (P<0.01). Uterine horn pregnant had no significant 
effect on either birth weight or gestation length over both breeds. No 
significant interaction between the effects of breed and uterine horn on 
birth weight was found. The interaction of these effects on gestation 
length, however, was significant (P<0.05). 
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A RABBIT FEEDER FOR FORAGE DIGESTION STUDIES 4 


J. D. Connotty,? M. C. CatHoun anp C. R. RIcHARDS 


University of Delaware, Newark 


5 fone paper presents the plans of a feeder designed for forage digestion 
studies with rabbits. The authors found that the various types of feeders 
used in metabolic studies with rodents were unsuitable for forage digestion 





Figure 1. Photograph showing various exposures of the rabbit feeder. 


1 University of Delaware Miscellaneous Pub. 347. 
2 Present address: Dairy Department, University of Maryland, College Park. 
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Figure 2. Exploded sketch of rabbit feeder with dimensions 
in inches. 


studies with rabbits (Bradfield and Maynard, 1958; Thacker, 1956; 
Woehlbier e¢ a/., 1953). The main fault of these earlier type feeders was 
the inability accurately to measure feed consumption. The rabbit would take 
a mouthful of forage and then sit on its haunches to masticate it. Part of 


the forage would fall from the rabbit’s mouth during mastication and drop 
through the wire screen bottom of the metabolism cage. This loss of forage 
amounted to a considerable proportion of the total amount fed. 

Stanchioning the rabbits would have been one way to overcome this loss 
during mastication. However, this did not seem practicable since stanchion- 
ing would prevent coprophagy. Coprophage seems to be associated with 
functions of the digestive process of the rabbit and it may be especially 
important when the rabbit is fed solely on a forage diet (Thacker and 
Brandt, 1955). 

The feature of the feeder presented herein, which almost completely 
overcomes the mastication loss, is a platform at the rear of the feed tray. 
This platform noted in the photograph (figure 1) is an extension of the 
floor which supports the feed tray and is approximately 2 inches above the 
bottom of the cage. The rabbit must stand on this platform (with front 
feet) and reach for the food. The rabbit may still have a tendency to sit 
back and chew, but the front feet usually remain on the platform and the 
forage dropped during mastication is caught by the platform. The forage 
which is dropped during chewing may be eaten by the rabbit or may be 
removed and weighed. Details of the feeder are shown in figure 2. 

This feeder has proven to be successful in three years of use (1957- 
1959). The type of material used in constructing the feeder depends on 
personal preference. However, metal feeders may have certain advantages 
Over wooden ones because of the rodent nature of rabbits. The advantages 
of this feeder are: (1) the rabbit can move about normally and (2) the 
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forage wastage during mastication is almost negligible thereby allowing a 
better measure of feed consumption. 
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SUPPLEMENTATION OF PIG STARTERS WITH 
THYROPROTEIN * 


E. R. Peo, Jr. AND D. B. HupDMAN 


Nebraska Agricultural Experiment Station,? Lincoln 


[‘ has been reported that both gains and feed efficiency are improved 
when pigs are fed thyroprotein during the growth period from weaning 
to market weight (Reineke e¢ al., 1948; Beeson et al., 1949; Perry e¢ al., 
1950; Perry et al., 1951). Contrary results have been reported by Braude 
(1947), Muhrer e¢ al. (1947) and Vander Noot e¢ al. (1948). 

No similar research has been reported with baby pigs during the pre- 
weaning growth period. Therefore, it was the purpose of these experiments 
to determine the effect of supplementing rations with thyroprotein on gains 
and feed efficiency of baby pigs. In addition, since Lewis et al. (1955) 
reported that baby pigs cannot fully utilize plant proteins during the early 
growth period (from birth to five weeks of age), levels of thyroprotein were 
evaluated with sources of both plant (soybean oil meal) and animal (dried 
skimmilk) protein. 


Experimental Procedure 


Experiment 1. One hundred and forty crossbred (Yorkshire x Hampshire) 
pigs were allotted at random within weight outcome groups, within litters, 
to seven replications (replications were made over a two-year period) of 
five experimental treatments. The average initial weight and age of the 
pigs was 7.0 lb. and 8.6 days, respectively. The pigs were confined to 
concrete-floored pens which were equipped with self-feeders and waterers. 
Shavings were used for bedding and the pens were cleaned daily. The 
temperature of the experimental unit ‘was regulated by a thermostatically 
controlled steam-heat, forced-air system. Unit temperature was reduced 
approximately 7° F. each week from an initial temperature of 85°. 

The composition of the experimental rations is presented in table 1. 
Ration 1, which was formulated with 40% dried skimmilk as a protein 
source was used as the positive control ration. Ration 2 was formulated with 
soybean oil meal as the major source of protein and was fed with 0, 10, 20 
and 40 mg. of thyroprotein per Ib. of ration. All rations were fed in meal- 
form. Since baby pigs will usually start eating the more palatable rations 
first, all pigs were started with 1 lb. of a 24% protein pre-starter ration 
to equalize all treatments in this respect. The experiment was terminated 


1 Published with the approval of the Director as Paper No. 987, Journal Series, Nebraska Agricultural 
Experiment Station. 

2 Department of Animal Husbandry. Acknowledgment is made to P. F. Cunningham and associates 
for assistance in caring for the experimental animals and to Cereophyl Laboratories, Kansas City and 
car and Company, Inc., Rahway, New Jersey for partial support of this research through grants- 
in-aid. 
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after 28 days. However, three replications (5, 6 and 7) were continued on 
test and were fed a 16% protein grower ration without added thyroprotein 
for an additional 14 days to determine the effect of previous treatment 
upon subsequent performance of the pigs. 

Experiment 2. Eighty Yorkshire x Hampshire x Landrace pigs which 
averaged 7.5 lb. live weight and 9.4 days of age were allotted at random 
within weight outcome groups to four replications of five experimental 


TABLE 1. COMPOSITION OF EXPERIMENTAL RATIONS * 








Ration treatment 1 2 
Dried Soybean oil 
Ration designation skimmilk basal” meal basal * 





Ingredients, Ib. 


Sucrose 15.00 15.00 
Cerelose 26.19 23.60 
Dried skimmilk | CS. | Ni a a a ae RS a? 
Driedsweetwholewhey j§ 9 esses 15.00 
70% fishmeal 2.50 2.50 
44% solvent soybean oil meal 9.50 36.00 
Lard (stabilized) 3.00 3.06 
Dried brewer’s yeast 1.00 1.00 
Trace minerals (high zinc) * 0.10 0.10 
Salt (iodized) 0.50 0.50 
Di-calcium phosphate eas 0.70 
Ground limestone 0.21 0.60 
Vitamin-antibiotic premix * 2.00 2.00 





* Calculated protein content, 20%; calcium, 0.69%; phosphorus, 0.53%. 

> Thyroprotein added to furnish 10, 20 and 40 mg. per lb. of complete ration for treatments 2, 3 
and 4, respectively, for Experiment 2. 

© Thyroprotein added to furnish 10, 20 and 40 mg. per lb. of complete ration for treatments 3, 4 
and 5, respectively, for Experiment 1. 

4 Calcium Carbonate Company, Quincy, Ill. Standard swine trace mineral mix. 

e Added at a rate so that each pound of complete ration contained the following amounts of 
vitamins and antibiotics: Vit. A, 2000 I.U.; vit. De, 400 I.U.; riboflavin, 4.0 mg.; calcium 
pantothenate, 8.0 mg.; niacin, 15.0 mg.; choline chloride, 630 mg.; vit. Biz, 10 mcg. and antibiotic 
(oxytetracycline), 25 mg. 


treatments. Housing and management were the same as described previously 
for the first experiment. 

The experimental ration treatments consisted of ration 1 (table 1) 
formulated with 0, 10, 20 and 40 mg. of thyroprotein per lb. of complete 
ration. In addition, one treatment consisted of pigs implanted in the right 
ear with a 20 mg. pellet of sodium-l-thyroxine to study mode of admin- 
istration of a metabolic stimulant. As in the first experiment, all pigs were 
fed 1 lb. of a 24% protein pre-starter ration to equalize starting on all 
treatments. The initial phase of the experiment was terminated after 28 
days but the pigs were continued on test and were fed a 16% protein 
grower ration without added thyroprotein for an additional 14-day period 
to determine the effect of previous treatment upon subsequent performance. 
In both experiments, pig weights and feed data were collected at weekly 
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intervals. The data were analyzed according to Snedecor (1956) and all 
statements concerning statistical significance are at a probability level of 
5% or less. 


Results 


Experiment 1. The results of this experiment are presented in table 2. 
For the first 14 days of the test period, the pigs fed the dried skimmilk 
ration (treatment 1) made a significantly greater gain than those fed the 


TABLE 2. EFFECT OF THYROPROTEIN ON BABY PIG PERFORMANCE IN 
EXPERIMENT 1 
































Treatment 1 2 3 4 5 
Dried Soybean Soy-basal Soy-basal Soy-basal 
skimmilk oilmeal +10 +20 +40 
Ration designation basal basal mg./Ib."" mg./Ib.*”— mg./Ib." ® 
Pens per treatment, no. 7 7 7 7 7 
Pigs per pen, no. 4 4 4 4 4 
Av. initial wt., Ib. 6.9 7.0 7.0 7.0 6.9 
Av. gain (first 14 days), lb.° 4.6 3.3 333 325 32 
Av. feed per Ib. gain 
(first 14 days), lb.° 2.03 2.83 Blt 2.45 2.93 
Av. gain (28 days), lb.° 14.9 2o.8 13:2 14.3 13.0 
Av. feed per Ib. gain 
(28 days), lb. @ 1.63 2.09 1.95 1.88 1.97 
Subsequent performance,° 14 days 
Av. gain, Ib.° 12:3 15.4 14.8 15.4 17.3 
Av. feed per Ib. gain, Ib. * = 2.00 1.85 1.72 2.07 1.91 








* Milligrams of thyroprotein per pound of ration. 

> Quadratic regression of thyroprotein levels on fted required per Ib. gain (28 days) significant 
at P=0.05 or less. 

© Means underscored by same line are not significantly different at. P=0.05 or less. 

4 Means underscored by broken lines are not significantly different at P=0.05 or less. 

© Average of 3 replications, 4 pigs per pen. 


other rations. There were no significant differences in the gains made by 
the pigs fed the soy-basal rations supplemented with different amounts of 
thyroprotein during this first period. In general, the same trend was observed 
for feed conversion. The pigs fed the dried skimmilk ration required less 
feed per pound of gain than those fed the other rations. Although there was 
no significant difference in gain, pigs fed the soy-basal plus 20 mg. of 
thyroprotein (treatment 4) required less feed per pound of gain than those 
fed the soy-basal (treatment 2) and the soy-basal plus 10 or 40 mg. of 
thyroprotein (treatment 3 and 5, respectively). 

For the entire test period (28 days), again, the pigs fed the dried skim- 
milk ration showed the greatest gain. However, this was not significantly 
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' greater than the gain made by the pigs fed the soy-basal rations with or 
without thyroprotein. The greatest difference in gain (2.8 lb.) was between 
the pigs fed the dried skimmilk ration and those fed the unsupplemented 
soy-basal diet. The pigs fed the dried skimmilk diet gained only 0.6 lb. more 
than those fed the soy-basal plus 20 mg. of thyroprotein. Pigs fed the soy- 
basal diets supplemented with 10 and 40 mg. of thyroprotein gained 1.1 
and 0.9 lb. more, respectively, than those fed the unsupplemented soy-basal 
diet. 

A statistical analysis of the regression of thyroprotein levels failed to 
reveal a significant regression. However, the major portion of the variation 
due to regression was in the quadratic component as might be expected 
from the data. Gains increased as the level of thyroprotein increased up to 
the 20-mg. level and then showed an apparent decrease at the 40-mg. level. 

The pigs on treatment 1 (dried skimmilk) required the least amount of 
feed (1.63 lb.) per pound of gain, this amount being significantly less than 
was required by those on treatments 2, 3 and 5; the difference between 
treatments 1 and 4 (0.25 lb.) was not significant. The quadratic regression 
of thyroprotein levels on feed required per pound of gain for the 28-day 
test period was statistically significant. 

Previous test treatments appeared to have an effect on subsequent 
performance. The pigs fed the basal dried skimmilk ration during the test 
period made the least gains during the subsequent 14-day period. The 
removal of thyroprotein from the diet of the pigs did not affect gain per- 
formance of those that had been fed 10 and 20 mg. However, the removal 
of 40 mg. resulted in the greatest gain (17.3 lb.) during the subsequent 
14-day period. This suggests that the 40-mg. level was probably too high 
and may have produced a hyperthyroid condition in these pigs during the 
initial test period. The pigs on treatments 1 and 4 showed the best feed 
conversion during the test period but required more feed per pound of gain 
during the subsequent period than those on treatments 2, 3 and 5. 

Experiment 2. The results of this experiment are presented in table 3. 
During the first 14 days, the pigs fed dried skimmilk plus 20 mg. of 
thyroprotein made the greatest gain (5.9 lb.). However, this gain was not 
significantly greater than that made by the pigs on the other ration treat- 
ments. The same general trend was apparent for feed conversion. For the 
entire 28-day test period, gains increased as the level of thyroprotein 
increased up to 20 mg. per pound. Gains decreased at the 40 mg. level but 
were greater than the gains observed for the pigs fed the dried skimmilk 
basal ration. 

The pigs fed dried skimmilk basal plus 20 mg. of thyroprotein required 
less feed (1.59 lb.) per pound of gain than those on the other treatments. 
There was also no significant difference in feed required per pound of 
gain between treatments 1, 2 and 4. 

As in experiment 1, the regression of thyroprotein levels was not statis- 
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tically significant. However, most of the variation due to regression was in 
the quadratic component for both gains and feed required per pound of 
gain. 

The pigs on treatment 5 were implanted in the right ear with a 20-mg. 
pellet of sodium-l-thyroxine. The level selected was based on previous work 
with older swine (Hudman and Peo, 1958). It is apparent from the data 
that this level was probably too high; or, mode of administration of thy- 


TABLE 3. EFFECT OF THYROPROTEIN ON BABY PIG PERFORMANCE IN 
EXPERIMENT 2 











Treatment 1 2 3 4 5 
DSM- DSM- DSM- DSM- 
Dried basal basal basal basal 
skimmilk +10 +20 +40 +20 mg. 
Ration designation basal mg./lb.""” mg./Ib."” mg./lb.""” implant‘ 
Pens per treatment, no. 4 4 4 4 4 
Pigs per pen, no. 4 4 4 4 4 
Av. initial wt., Ib. v5 7-5 7.6 15 7:5 
Av. gain (first 14 days), lb.* 5:3 5.6 5.9 aT 4.3 





Av. feed per Ib. gain 
(first 14 days), lb.* 1.69 4°73 1.58 1.93 PARE 





Av. gain (28 days), lb.” ° 1737 19.4 20.8 18.8 16.4 





Av. feed per Ib. gain 
(28 days), Ib.” ° 1.72 1.65 1.59 1.66 1.91 





Subsequent performance, 14 days 
Av. gain, lb. 10.8 10.3 12.8 10.9 11.4 
Av. feed per Ib. gain, Ib. 2.16 2.06 2.08 2.18 Bond 











® Milligrams of thyroprotein per pound of ration. 

» Regressions of thyroprotein levels not significant at P=0.05 or less. 

¢ 20-milligram pellet of sodium-l-thyroxine implanted in right ear. 

4 Means underscored by same line are not significantly different at P—0.05 or less. 

© Means underscored by broken lines are not significantly different at P—0.05 or less. 


roxine may have a different effect on pig performance (gains and feed 
efficiency) since the pigs implanted with sodium-l-thyroxine made signif- 
icantly less gain than those fed the dried skimmilk diet supplemented with 
20 mg. of thyroprotein. In addition, significantly more feed per pound of 
gain was required by the pigs which were implanted than by those on treat- 
ments 2, 3 and 4. 

In this experiment, previous treatment had little effect on subsequent 
performance. Thus, it appears from the results of these two experiments 
that thyroprotein can be used effectively to stimulate gains and increase 
feed efficiency of baby pigs without affecting their subsequent performance 
if it is abruptly withdrawn from rations which follow the pig-starter period. 














482 Peo, JR. AND HUDMAN 


Discussion 


In these experiments, the supplementation of pig-starter rations with 
thyroprotein (up to 20 mg. per lb. of complete ration) resulted in an 
increase in gains and an improvement in feed efficiency of baby pigs fed 
both plant (soybean oil meal) and animal (dried skimmilk) sources of 
protein. 

The 18% increase in gains and 9% improvement in feed efficiency are 
of the same general magnitude as those reported by Lewis et al. (1955) for 
soy-basal diets supplemented with proteolytic enzymes. The nature of the 
response to thyroprotein is not known and additional evidence will be 
needed to arrive at the mode of action of thyro-active compounds. It ap- 
pears, however, that the level of thyro-active compounds is quite critical as 
evidenced by a reduction in gains and feed efficiency of the pigs when 
thyroprotein was increased from 20 to 40 mg. per lb. of complete ration 
or when pigs were implanted with a 20-mg. pellet of sodium-l-thyroxine. 
This observation agrees with those reported by Reineke e¢ a/. (1948) and 
Perry et al. (1951) for older swine. 


Summary 


Two experiments were conducted with 220 early-weaned baby pigs to 
evaluate thyroprotein as a metabolic stimulant for baby pigs. Thyroprotein, 
when fed at levels of 10, 20, and 40 mg. per lb. of ration, was most effective 
in stimulating gains and increasing feed efficiency when fed at the 20-mg. 
level. Gains were increased approximately 18% with both a soybean oil 
meal and a dried skimmilk basal diet. Feed efficiency (feed per pound of 
gain) was improved approximately 9%. 

The abrupt withdrawal of thyroprotein from the diet did not adversely 
affect subsequent pig performance. 

In addition to level, mode of administration of thyroxine may be of 
significance as evidenced by a reduction in the gains and feed efficiency of 
pigs implanted in the ear with a 20-mg. pellet of sodium-l-thyroxine. 
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A COMPARISON OF INTRAMUSCULAR AND INTRA- 
PERITONEAL INJECTION OF IRON-DEXTRAN ! 


D. R. ZIMMERMAN, V. C. SPEER, V. W. Hays AND D. V. CaTRON ? 


Iowa Agricultural and Home Economics Experiment Station, Ames * 


RON-DEXTRAN was developed by the English workers London and 
Twigg in 1952 for use in the treatment of iron-deficiency anemia in 
human beings (McDonald e¢ a/., 1955). McDonald et al. (1955), Barber 
et al. (1955) and Brownlie (1955) suggested that the product was of value 
in preventing iron-deficiency anemia in baby pigs when injected intra- 
muscularly sometime during the first few days of life. Other workers have 
likewise demonstrated benefits from intramuscular injection of iron-dextran 
in pigs (Kernkamp, 1957; Swenson e¢ al., 1957; Ullrey e¢ al., 1957; 
Zimmerman et al., 1959). However, to the authors’ knowledge, intra- 
peritoneal injection of iron-dextran in baby pigs has not been investigated. 
The objectives of the experiments reported herein were to determine 
whether growth and hemoglobin levels of intraperitoneally injected pigs 
are equal to those of intramuscularly injected animals. If so, intraperitoneal 
injections under some conditions or at particular times might be prefer- 
able. 


Experimental Procedure 


Experiment I. Twelve crossbred sows and their pigs were utilized in a 
5-week lactation period. The litters were born in farrowing crates, remained 
in the crates 1 week and were then transferred to concrete-floored pens for 
the remainder of the experimental period. While in farrowing crates the 
sows were hand-fed a complete lactation ration twice daily. After being 
transferred to pens they were self-fed the same ration. No creep feed was 
offered to the baby pigs but they did have access to the sow’s feed. Sows 
and baby pigs had access to water ad libitum. The baby pigs were randomly 
allotted to treatments from outcome groups of birth weight within litter. 
The following treatments were compared: (1) an intramuscular injection 
of 2 ml. of iron-dextran, containing 100 mg. of elemental iron, on the day 
of birth and (2) a similar intraperitoneal injection. No attempt was made 
to maintain strict aseptic injection conditions. The baby pigs were individ- 
ually weighed at birth and weekly thereafter. Hemoglobin levels were 
obtained at birth, 3, and 5 weeks of age by the acid hematin method, blood 


1 Journal Paper No. J-3681 of the Iowa Agricultural and Home Economics Experiment Station, 
Ames, Iowa. Project No. 959. 

2 The authors gratefully acknowledge Armour Laboratories, Chicago, Illinois for grants-in-aid and 
materials and Tilney Farms, Lewisville, Minnesota for labor, facilities and animals which partially 
supported this research. 

8 Animal Husbandry Department. 
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samples being collected from ear veins and read in a Fisher Electro- 
Hemometer. 

Experiment II, Twenty-four crossbred litters were used in a 6-week 
field test. The pigs were born in farrowing crates where they remained 
until weaned at 3 weeks of age. While in the crates the sows were hand-fed 
a complete lactation ration twice daily and the baby pigs were allowed to 
eat a commercially prepared creep ration ad libitum. At 3 weeks of age 
the weaned baby pigs were transferred to concrete-floored nursery pens 
where they were allowed a complete starter ration and water ad libitum. 
On the day of birth each litter was divided into two treatment groups. 
These groups were then randomly allotted to a treatment. The treatments 
were identical to those used in Experiment I. The treatment groups were 
weighed at birth, 3 and 6 weeks of age. 


TABLE 1. BODY WEIGHT AND HEMOGLOBIN DATA OF BABY PIGS 
INJECTED * INTRAMUSCULARLY OR INTRAPERITONEALLY 
WITH IRON-DEXTRAN 

















Body weight, lb. Hemoglobin, gm./100 ml. blood 

Age, wk. Intraperitoneal Intramuscular Intraperitoneal Intramuscular 
Experiment I 

0 3.00 2.96 9.40 9.85 

1 5.56 Bea ty, sas te her gaia leg oer ee ens 

3 12,47 12.60 10.28 10.44 

5 18.91 19.70 10.38 10.42 
Experiment II 

0 3.41 OM se bho ate Wek eneanate lg oer tice ala saci atine 

3 11.98 Be eo SF a Saas ck Wh dl is selgearees 

6 24.85 Do an ek? SPOS bo) Spa ete as nga 





* Two ml. of iron-dextran (100 mg. of elemental iron) injected on the day of birth. 


Results and Discussion 


Experiment I. The summary (table 1) includes the growth and hemo- 
globin data on the 101 pigs living at the termination of the experimental 
period. The two treatments resulted in similar hemoglobin responses by 
the pigs, indicating that the iron was utilized equally well from the two 
routes of administration of the iron-dextran. At 5 weeks of age the hemo- 
globin levels of each treatment group averaged 10.4 gm. per 100 ml. of 
blood. The growth curves, illustrated in figure 1, indicate a slight advantage 
for the intramuscular route of injection. At five weeks of age there was a 
0.79 Ib. weight differential—95% confidence limits for the treatment 
difference—0.79+ 1.22 lb. There was no difference in observed mortality 
between treatment groups, the mortalities from birth to 5 weeks of age 
averaging 12% in either group. This percentage mortality is within the 
normal range, indicating that neither acute toxicity nor the introduction 
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of severe infection at the site of injection was a problem with either route 
of injection. 

Experiment II. The pigs were weighed as litter treatment groups instead 
of individually. Therefore, the data reported (table 1) are the averages 
of the animals living at each weigh day. At the end of the experimental 
period there were 198 living pigs in 23 litters. As in Experiment I the 
animals injected intramuscularly grew slightly, but insignificantly, faster 
throughout the experimental period than those injected intraperitoneally 
(figure 2). At 6 weeks of age the weight differential was 0.96 lb—95% 
confidence limits for the treatment difference—0.96+1.53. There was a 
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INTRAMUSCUL AR —e 


+ INTRAPERITONEAL 


+ INTRAPERITONEAL 
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Figure 1. Effect of intra- Figure 2. Effect of intra- 
peritoneal and intramuscu- peritoneal and intramuscu- 
lar injections of iron-dex- lar injections of iron-dex- 
tran on growth rates in tran on growth rates in 
Experiment I. Experiment II. 


statistically insignificant difference in observed mortality between treatment 
groups, 15.0% in the intraperitoneally treated group and 9.9% in the 
intramuscularly treated group. 

Although the effect of treatments on differences in growth rates did not 
prove statistically significant in either experiment, the results of the two 
experiments are in close agreement, indicating faster growth rates when 
iron-dextran is injected intramuscularly. If this difference in growth rate 
is real, we can only speculate as to the cause. Two possible explanations 
are: (1) the iron from the intraperitoneal site may be released into the 
circulation at a rate rapid enough to exceed the iron-binding capacity of 
the plasma proteins, thereby causing toxicity due to the presence of free 
ions in the blood, or (2) there may be a greater tendency toward the 
development of infections at the site of injection when the iron-dextran 
is given intraperitoneally. 
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Summary 


1. Growth rate was more rapid when pigs were injected intramuscularly 
with iron-dextran than when injected intraperitoneally; however, the 5- 
week weight differential of 0.79 lb. in Experiment I and the 6-week weight 
differential of 0.96 lb. in Experiment II were not statistically significant. 

2. The hemoglobin data of Experiment I indicate equivalent utilization 
of the iron from the two sites of injection. The hemoglobin levels of pigs 
on either treatment averaged 10.4 gm. per 100 ml. of blood at 5 weeks of 
age. 

3. In Experiment I the observed mortalities from birth to 5 weeks of 
age were the same (12%) in the intramuscular and intraperitoneal groups, 
and in Experiment II the birth to 6 week mortalities were 9.9 and 15.0%, 
respectively, the difference not being statistically significant. 


Literature Cited 


Barber, R. S., R. Braude and K. G. Mitchell. 1955. Studies on anaemia in pigs. I. 
The provision of iron by intramuscular injection. Vet. Rec. 67:348. 

Brownlie, W. M. 1955. The treatment of piglet anaemia. Vet. Rec. 67:350. 

Kernkamp, H. C. H. 1957. A parenteral hematinic for the control of iron-deficiency 
anemia in baby pigs. N. Am. Vet. 38:6. 

McDonald, F. F., D. Dunlop and C. M. Bates. 1955. An effective treatment for 
anaemia in piglets. British Vet. J. 111:403. 

Swenson, M. J., D. H. Will, P. S. Eskridge and N. H. Booth. 1957. A preliminary 
report on the effects of iron-dextran, injected intramuscularly, on the growth 
rate of newborn pigs. J. Am. Vet. Med. Assn. 131:146. 

Ullrey, D. E., E. R. Miller, D. R. West, D. A. Schmidt, R. W. Seerly, J. A. Hoefer 
and R. W. Luecke. 1957. Oral and parenteral administration of iron in the 
prevention and treatment of baby pig anemia. J. Animal Sci. 16:1038. 

Zimmerman, D. R., V. C. Speer, V. W. Hays and D. V. Catron. 1959. Injectable iron- 
dextran and several oral iron treatments for the prevention of iron-deficiency 

anemia of baby pigs. J. Animal Sci. 18:1409. 









EFFECT OF RESERPINE AND THREE PHENOTHIAZINE 
DERIVATIVES ON GROWING-FATTENING SWINE! 


W. G. Ponp 


Cornell University, Ithaca, New York 


ECENTLY, attention has been given to the use of tranquilizers in live- 
stock rations for more efficient production. Sherman e¢ al. (1959) 
obtained enhanced growth and feed efficiency of cattle by supplying 1.25-10 
mg. hydroxyzine or 60 mcg. reserpine per head daily, in a fattening ration. 
However, Perry et al. (1959) failed to obtain a response in fattening lambs 
fed a pelletted ration containing either 1 or 2 mg. hydroxyzine or 5 or 10 
mcg. reserpine per pound. Jordan et al. (1958) obtained no response in 
fattening lambs fed chlorpromazine, trifluomeprazine and hydroxyzine at 
levels of 11.1-90, 4.4, and 3—6 mg. per head per day, respectively. 

Pickett e¢ al. (1958) were unable to show beneficial effects on growth or 
feed efficiency of growing swine by including 60 mcg. reserpine, 25 mg. 
meprobamate, 0.5 mg. hydroxyzine or 0.5 mg. perphenazine per pound of 
feed. 

The present study was undertaken to evaluate an alkaloid, reserpine * 
and three phenothiazine derivatives,” chlorpromazine, trifluoperazine, and 
trifluomeprazine added to the ration of growing-fattening swine, growth 
rate and efficiency of feed utilization being used as the criteria. 


Experimental 


Two experiments were conducted with Yorkshire and Yorkshire x Berk- 
shire pigs in Experiment I and Yorkshire, Berkshire and Yorkshire x 
Berkshire pigs in Experiment II. Pigs were housed in groups of six or eight 
in 9’ < 10’ concrete pens with 9’ x 10’ outside concrete runways. Feed 
was supplied from self-feeders and water was available from troughs filled 
twice daily. 

The composition of the basal rations is shown in table 1. Tranquilizers 
were incorporated into rations by mixing a one-pound cerelose or soybean 
meal carrier containing tranquilizer into 50 lb. of corn with a bakery type 
mixer. This premix in turn, was added to the other ingredients for mixing 
1,000 Ib. of complete feed. 

Pigs were allotted to treatment according to breed, litter and initial 

1 These studies were supported by financial grants from CIBA Pharmaceutical Products, Inc., 
Summit, N. J. and from Smith, Kline and French Laboratories, Philadelphia, Penna. 

2 Acknowledgment is made to Lederle Laboratories Division, American Cyanamid Company, Pearl 
River, New York for supplying the Fortafeed 2—-49c and to the Borden Company, New York, N. Y. 
for the Hopro R used in these studies. Reserpine was supplied as Serpasil by CIBA Pharmaceutical 
Products, Inc. Chlorpromazine hydrochloride was supplied by Thorazine, trifluoperazine dihydrochloride 
as Stelazine and trifluomeprazine hydrochloride as SKF 5$354-A by Smith, Kline and French 
Laboratories. 
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weight. They were weighed biweekly and each pig was removed from the 
trial at market weight. Total feed consumption of each group of pigs was 
recorded. 

In Experiment I, trial 2, and Experiment II, trial 2, live backfat probes 
(Hazel and Kline et al., 1952) were taken at the time the pigs were 
removed from experiment. In Experiment I, trial 1, heart, kidneys, liver, 
jowl meat and leaf fat were removed from all pigs at slaughter for chemical 
assay in the laboratories of CIBA Pharmaceutical Products of residual 
reserpine as outlined by Haycock et al. (1959). Tissues were frozen in 
plastic bags until analysed. Feed not containing reserpine was supplied for 
6-24 hours prior to slaughter. 


TABLE 1. PERCENTAGE COMPOSITION OF BASAL RATIONS IN 
EXPERIMENTS I AND II 








Ingredients 16% protein ration * 12% protein ration” 





Ground No. 2 yellow corn 74. 85. 
Soybean meal (44% solvent) 13: 

Meat scraps (55%) 5. 

Dehydrated alfalfa meal 5 

Salt (including trace minerals) 0. 

Dicalcium phosphate 1 

Antibiotic-vitamin supplement “’ * 0. 





* Fed to an average weight of 125 lb. in Expt. I, trial 2, and in Expt. II, trials 1 and 2. 

> Fed throughout Expt. I, trial 1, and from an average weight of 125 lb. to the end of the study 
in Expt. 1, trial 2, and in Expt. U1, trials 1 and 2. 

¢ Aurofac 2A used in Expt. I, trial 1, and in Expt. II, trials 1 and 2, supplies 18 mg. chlortetra- 
cycline per pound of feed plus vitamin Biz. Hopro R used in Expt. I, trial 2, supplies 1.875 mg. 
procaine penicillin and 5.625 mg. bactracin per pound of feed plus vitamins A, D, Bus, niacin, 
riboflavin and pantothenic acid and 110 ppm. zinc carbonate. 

4 Fortafeed 2—49c added in Expt. I, trial 1, and in Expt. II, trials 1 and 2, to supply 1, 2, 
4.5, 5, and 0.03 mg. riboflavin, pantothenic acid, niacin, choline chloride and folic acid per pound 
of feed, respectively. Nopcay 20 and Delsterol added to supply 400 I.U. and 90 I.U. vitamin A 
and D, respectively, per pound of feed. ZnCOs added to supply 54 ppm. Zn. 


Results and Discussion 


The results obtained in Experiment I are summarized in table 2. No 
significant differences in growth rate were obtained in trial I. Average 
feed efficiency of treated groups was similar to that of the control group. 
The tendency for reserpine-fed pigs to outgain the controls initially was 
not maintained over the entire period. Analysis of tissues, even at the 
highest level of reserpine (56.8 mcg./lb. of feed), showed less than 0.1 mcg. 
per 100 gm. of dried tissue, indicating little or no tissue deposition. 

In trial 2, in which pigs were placed on test immediately after weaning at 
6 weeks of age, again, no significant differences were obtained among lots 
in growth rate. The somewhat slower average daily gain of the pigs in lot 
5 (56.8 mcg. reserpine/Ib. feed) was accompanied by apathy, indicating 
slight sedation. However, rectal temperatures taken on all pigs in lot 1 
(control) and lot 5 on the 58th, 65th and 83-97th days of the trial failed 
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TABLE 2, EFFECT OF RESERPINE ON PERFORMANCE OF GROWING- 
FATTENING SWINE IN EXPERIMENT I 








Reserpine, mcg. 
per lb. feed Reserpine, mcg. per lb. feed 


Treatment 28.4 56.8 Basal 56.88 14.2 








Trial no. 1 2 
Lot no. 1 2 
No. of pigs” 8 8 


Av. initial wt., Ib. 53 26 
Av. daily gain Ist 

13 days, lb. 1.03 
Av. feed/day 1st 

13 days, lb 3.26 
Av. feed/Ib. gain 

lst 13 days, lb. 3.17 Gant dais eid 
Av. final wt., Ib. 225 195 195 189 
Av. daily gain, 

entire period, lb. 1.41 * 1.41 1.37 1.39 1.8 
Av. feed/day, 

entire period, lb. 5.56 5.85 5.58 4.43 4.02 4.70 
Av. feed/Ib. gain, 


entire period, lb. 3.93 3.93 3.96 3.24 3.24 3.33 Siz 3.3 


1 2 
Av. backfat, in.¢ pine ahs Saas 1.17(7) =1.21(7) 1.34(6) 1.28(7) 1.21(5) 





* Pigs in lot 2 fed basal ration until an average wt. of 145 lb., then 56.8 mcg. reserpine per lb. 
feed (same as lot 5). During period of reserpine feeding av. daily gain and feed per lb. gain were 
1.34 and 4.02 lb., respectively. 

» Av. daily gain and av. final weight of pigs in lot 5 computed on basis of 7 pigs. One pig 
developed abcess on hock midway through trial but was not removed. One pig in each of lots 1-4 
and three pigs in lot 5 developed distorted snouts due to atrophic rhinitis, but their performance is 
included in the data. 

© Number of pigs probed is in parentheses. 
to show any significant reduction in body temperature of pigs receiving 
reserpine (lot 1 av., 102.6° F.; lot 5 av., 102.5° F.) indicating no obvious 
effect on thyroid function. Furthermore, total serum cholesterol (Zlatkis 
et al., 1953) for pigs in lots 1 and 5 taken on the 58th day of the trial 
were not significantly different (lot 1 av., 234; lot 5 av., 233 mg./100 
ml.). Somoza (1958) observed a reduction in serum cholesterol by intra- 
muscular injection of reserpine in rabbits fed high-cholesterol diets. There 
was no significant difference in backfat thickness among lots. 

The results of Experiment II are summarized in table 3. Chlorpromazine 
in trial 1 failed to affect rate of gain and feed efficiency (lot 2), while pigs 
receiving trifluoperazine at levels of either 0.5 or 1.0 mg. per lb. of feed 
tended to gain faster than the controls, although the differences were not 
statistically significant. In trial 2, no differences were obtained in growth 
rate or feed efficiency by the addition of either trifluoperazine or tri- 
fluomeprazine. Pigs in replicate 1 of trial 2 were placed on test immediately 
after weaning at 5 weeks of age whereas pigs in replicate 2 had been weaned 
for 2-3 weeks before the trial began. Since trifluoperazine was added to the 
ration at the same concentration in trial 1 as in trial 2, the pigs in trial 2 
as compared to trial 1 were consuming more tranquilizer per Ib. body 
weight during the first few weeks. Lack of response obtained in this 
experiment may be related to the narrow dosage range employed. There was 
no significant effect of the tranquilizers on backfat thickness. 
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TABLE 3. EFFECT OF CHLORPROMAZINE, TRIFLUOPERAZINE AND 
TRIFLUOMEPRAZINE ON PERFORMANCE OF GROWING- 


FATTENING SWINE IN EXPERIMENT II 








Trial 1 


Treatment 


Trifluoperazine, per Ib. feed 





Chlorpromazine, 
5 mg. per lb. feed 0.5 mg. 1.0 mg. 





Lot no. 

No. of pigs 

Av. initial wt., lb. 
Av. final wt., Ib. 
Av. da. gain, lb. 
Av. feed/da. lb. 


Av. feed/Ib. gain, Ib. 


2 3 4 
6 6 6 
59 60 60 
213 207 205 
1.50 1.62 
5.65 5.79 
3.76 





Trial 2 
Trifluoperazine 
Trifluomeprazine, 
0.5mg.per 1.0mg. per 0.5 mg. per 
Treatment Ib. feed Ib. feed Ib. feed 








Lot no. 2 
Replicate 1 


No. of pigs 6 4" 

Av. initial wt., lb. 21 21 

Av. final wt., lb. 198 197 

Av. da. gain, lb. 1.54 1.47 

Av. feed/da., lb. 4.89 4.50 : 

Av. feed/Ib. gain, Ib. 3.18 3.45 3.23 
Av. back fat in. 1.28(5)” 1.16(3) 1.27(5) 


Replicate 2 

No. of pigs 6 6 

Av. initial wt., lb. 36 36 35 

Av. final wt., Ib. 199 195 

Av. daily gain, Ib. ; 1282 1.44 ie 
Av. feed/da., lb. ; 5.09 4.79 33 
Av. feed/Ib. gain, Ib. ; 3.35 3.32 as 
Av. backfat, in. : 1.24(6) 1.17(5) 1 

* Two pigs weighed 150 and 157 lb. each after 135 days on trial when experiment was terminated. 


Their growth performance is not included. 
> No. of pigs probed is in parentheses. 





Summary 


A total of 136 Yorkshire, Berkshire and Yorkshire x Berkshire pigs were 
used in two experiments to study the effect of tranquilizers on rate of 
gain and efficiency of feed utilization when added to the feed continuously 
through the growing-fattening period. 

In Experiment I no significant differences were obtained among lots by 
the addition of 28.4 or 56.8 mcg. reserpine per Ib. of feed in trial 1, although 
there was a tendency for greater rate of gain among treated pigs during the 
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first 13 days on test. In trial 2 no significant differences were obtained by 
the addition of 14.2, 28.4, or 56.8 mcg. reserpine per lb. of feed. A slight 
depression in growth of pigs receiving the highest level was not accompanied 
by changes in rectal temperature or blood cholesterol level. 

In Experiment II, a slight, but not statistically significant, increase in 
average daily gain of pigs receiving 0.5 or 1.0 mg. trifluoperazine per lb. of 
feed was obtained in trial 1. No response was obtained from 5.0 mg. 
chlorpromazine per lb. of feed. In trial 2 no significant differences were 
obtained by the addition of 0.5 or 1.0 mg. trifluoperazine or 0.5 mg. 
trifluomeprazine per Ib. of feed. 
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GROWTH RATE, CARCASS GRADES AND NET RETURNS OF 
SUFFOLK- AND SOUTHDOWN-SIRED LAMBS UNDER 
RANGE CONDITIONS 


G. E. Braprorp,! W. C. Werr! anp D. T. Torett ? 


University of California, Davis 


ESULTS of experiments comparing rams of the Suffolk and Southdown 
breeds (Miller, 1935; Rae, 1952; Coop and Clark, 1957) have shown 
that in general Southdown-sired lambs are lighter but have a higher dressing 
percentage and higher carcass grades than Suffolk crossbred lambs. How- 
ever, the extent to which these differences compensate for each other and, 
therefore, the relative profitability of the two crosses appear to be depend- 
ent on age and weight at weaning and on the feed conditions under which 
the lambs are raised. 

The North Coast Range counties of California constitute an important 
sheep-producing area in terms of numbers, but usually a very low per- 
centage of the lambs are fat at weaning, resulting in most of the lamb crop 
being sold as feeders at a considerably lower price. This is probably due to 
the relatively short period of good feed supply, which extends from the 
beginning of warm weather in March to the time the feed dries, usually in 
late May or early June. The Suffolk breed is the predominant breed of sires 
used in this area for market lamb production. Since lambs sired by South- 
down rams reach market finish at lighter weights it seemed possible that a 
higher proportion of them might reach this finish on the available feed 
supply. An experiment was therefore set up at the University of California 
range in the North Coast region to compare rams of these two breeds as 
sires of market lambs for this area. Combined with the breed study in a 
factorial experiment was a comparison of improved and native pastures. 


Materials and Methods 


Two hundred white-faced ewes sired by Corriedale rams and out of dams 
of mixed breeding were allotted to this experiment each year for 3 years, 
beginning in 1955. Equal numbers of one-, two- and three-year old ewes 
were used each year. They were selected from a flock of approximately 750 
ewes of all ages, and represented the less desirable ewes of the flock in 
terms of size, conformation score, wool weight or wool grade. Thirty-three 
to 35 ewes of each age were allotted on the basis of body weight to Suffolk 
and to Southdown rams, making a total of approximately 100 ewes in each 
group each year. Three rams of each breed were used in 1955 and 1957 
and four of each in 1956. Several of the rams were used for 2 years, a total 


‘ Department of Animal Husbandry, Davis. 
? Hopland Field Station, Hopland. 





494 BRADFORD, WEIR AND TORELL 


of six Southdown and seven Suffolks being used over the three years. All 
of the Suffolk rams came from the University of California flock at Davis 
but represented several different lines of breeding. The Southdown rams 
came from five different flocks. 

Flock breeding was used throughout, the Suffolk- and Southdown-mated 
groups being run in separate but similar pastures on dry range feed. 

Rams were turned in on July 15 in 1955 and on August 8 in 1956 and 
1957 and were left with the ewes for a period of 6 to 8 weeks. Except 
during the breeding season the ewes were all grazed together as a common 
flock. During the fall and early winter months, their feed was annual type 
native range with some browse species. Beginning with the breeding season 
and continuing until the ewes were brought to the barn approximately 2 
weeks before lambing, the ewes were self-fed a salt-cottonseed meal mixture 
in which the level of salt was adjusted to maintain consumption of the 
cottonseed meal at approximately 1/3 lb. per ewe per day. After the ewes 
were brought to the barn they were fed approximately 4 Ib. of alfalfa hay 
per day until they were turned out with their lambs 1 to 3 days after 
lambing. 

Lambs were weighed and ear-tagged at birth. As they lambed, ewes and 
their lambs were allotted to either native or improved pastures. The native 
pastures consisted of oak-woodland with variable density of trees, the 
vegetation consisting of a wide variety of annual grasses, legumes and broad- 
leaf herbs. These pastures have been described in detail by Heady (1956). 
The improved pastures were developed from old grain fields by fertilizing 
and by seeding with Hardinggrass, annual clovers and other desirable 
species, as described by Torell et al. (1956). 

In 1955-56 alternate ewes and lambs by lambing date in each group were 
assigned to native and improved pastures, up to January 5. All lambs born 
after this date were raised on improved pastures because of the greater 
carrying capacity of the latter. In analyses of the data these results have 
been divided into two groups, designated as “paired” and “not paired” 
comparisons. In 1957 and 1958, ewes in both breed groups were allotted 
as they lambed to native and improved pastures in the ratio of approx- 
imately 1:2, respectively. The numbers allotted to the two kinds of pasture 
were based on the estimated carrying capacities, the objective being to 
produce lambs of approximately the same weight on both pastures and to 
compare the total pounds of wool and lamb per acre. The results of the 
pasture study are to be reported elsewhere. 

All lambs were weighed at intervals of from 2 weeks to 2 months between 
birth and weaning. One-hundred-twenty-day weights were calculated by 
linear interpolation between the weights taken nearest this age. Lambs 
were shorn at the same time as the ewes, near the end of April. The weight 
of wool removed has not been considered in computing gains; it would 
probably amount to an average of about 2.5 lb. per lamb. 

Lambs were weaned on May 28 in 1956, on June 5 in 1957 and on May 
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27 in 1958. At weaning the lambs were sorted through a chute and graded 
as “fat” or “feeder” independently by three experienced graders (two were 
commercial lamb buyers). The same persons did the grading in all three 
years. Lambs designated as fat by two or by three of the graders were 
killed on consignment at a packing plant within 1 week after weaning. The 
feeder lambs were shipped to the Dixon pasture area, fattened on irrigated 
ladino clover pasture for 60 days, reweighed individually, and slaughtered 
at the same plant. Dressing percentage, number of carcasses in each of the 
federal grades and total market value were obtained by breed group for 
both fat and feeder groups each year. A killing charge of $2.00 per lamb 
was deducted by the packing plant for all lambs except those in the 1958 
irrigated pasture group, for which the charge was $1.50 per head. 

Data on 120-day weights of single lambs were analyzed by analysis of 
variance, the effects of breed of sire, sex, type of pasture and year being 
studied. Data on twin lambs were excluded because of the relatively small 
number of such lambs; the means indicated no interaction between type 
of birth and any of the other factors. For this analysis, a balanced design 
with eight observations per breed-sex-pasture-year subclass was achieved 
by randomly discarding data from those subclasses with more than eight 
observations. Data from “paired” comparisons only were used for 1956. 

For analysis of the average daily gains of the feeder lambs on irrigated 
pasture, the number of observations was reduced to 7 per breed-sex-year 
group for lambs raised to weaning on native pastures, and 15 per such 
group for lambs raised to weaning on improved pastures. Twin and single 
lambs were combined in this analysis since their post-weaning gains were 
almost identical. 

No analyses of the slaughter and carcass data were made because the 
values obtained were group totals and means rather than individual observa- 
tions. 


Results 


The number of ewes alive at lambing, the number of ewes lambing and 
the performance of the lambs to weaning are given in table 1 for each group 
for each year and for the three years combined. 

The results of the analysis of the data on 120-day weights of single 
lambs are summarized in table 2. 

The only interaction mean square which was significant (P<.05) in the 
analysis summarized in table 2 was that for breed x pasture. Suffolk-sired 
lambs were 2.6 Ib. heavier on improved than on native pastures, whereas 
Southdown-sired lambs were 2.6 lb. heavier on native pastures. 

The growth curves for single and twin lambs for the two breed groups are 
shown in figure 1. Lambs born twin but raised as singles are not included 
in this figure. Since lambs were weighed on different dates in different 
years, mean birth, 30-, 60-, 90- and 120-day weights were calculated by 
interpolation for each group for each year. The same pattern was shown in 
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TABLE 1, LAMBING PERCENTAGE AND LAMB PERFORMANCE TO 
WEANING OF SUFFOLK- AND SOUTHDOWN-MATED GROUPS 








1956 1957 1958 All years 


South- South- South- South- 
Year and group Suffolk down Suffolk down Suffolk down Suffolk down 





No. of ewes alive at lambing 98 95 103 99 93 93 294 287 
No. ewes lambed 91 89 88 86 89 80 268 255 
No. lambs born 104 101 103 98 104 93 311 292 
No. lambs weaned 75 86 91 91 85 83 251 260 
Survival to weaning, % 72.1 85.1 88.3 92.9 81. 89.2 80.7 89.0 
No. lambs weaned per ewe 

alive at lambing 0.77 0.91 0.88 0.92 0.91 0.89 0.85 0.91 
Average 120-day wt., lb. 68.2 57.0 73:0 61.8 72.2 59.0 71.3 59.3 
No. lambs fat at weaning 18 28 22 25 20 25 60 78 
Lambs fat at weaning, % 24.0 Ly Pe 24.2 28.1 23.2 30.5 23.9 30.0 





each year’s data and therefore only the one graph for the three years’ data 
combined is shown. It may be noted that the Southdown crossbred lambs 
were lighter than the Suffolks at all ages, and that the Suffolk twins were 
heavier than Southdown singles from about 70 days of age onward. 

The data on average daily gain of the feeder lambs on irrigated clover 
pasture are summarized in table 3. 

Pasture X year interaction (table 3) was highly significant (P<.01). 
Lambs raised to weaning on improved pastures gained 0.05 Ib. per day 
more after weaning than those from native pastures in 1956 and 1957, 
and 0.025 Ib. day less in 1958. None of the other interactions was significant. 
As may be noted in table 3, the gains made by the lambs were much lower 
in 1957 than in the other two years. This was due to their being pastured 
on relatively poor, weedy pasture. In 1958, by contrast, the pasture was 
excellent, and the gains were nearly double those of the previous year. 
Table 3 also shows the gains of wether and ewe lambs to be almost identical. 

The slaughter and carcass data for the “fat” and “feeder” groups are 
shown in table 4. Southdown-sired lambs had a slightly higher dressing 
percent, and Southdown carcasses graded higher over-all (80% choice or 
better compared to 59% for the Suffolks) but this was not reflected in an 
appreciable price differential. The Southdown group brought slightly less 
than $0.01 per pound more in gross returns, but this difference disappeared 
when the killing charge was deducted from the returns, the net price per 
pound received amounting to $0.36 for both groups. 


TABLE 2. RESULTS OF ANALYSIS OF 120-DAY WEIGHTS OF 
SINGLE LAMBS 








Compariscn Means (1b.) 





Breed of sire Suffolk, 73.0 Southdown, 60.3 
Sex Wethers, 67.8 Ewes, 65.5 
Pasture Native, 66.7 Improved, 66.6 
Year 1956, 61.6; 1957, 70.7; 1958, 67.7 





® Using within smallest subclass mean square as error term in each case. 
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TABLE 3. GAINS OF FEEDER LAMBS ON IRRIGATED PASTURE 60 DAYS 








Comparison Means (Ib./day) P 





Breed of sire Suffolk, 0.31 Southdown, 0.23 
Sex Wethers, 0.27. Ewes, 0.26 
Pre-weaning 

pasture Native, 0.25 Improved, 0.27 


Years 1956, 0.26; 1957, 0.19; 1958, 0.35 





® Using within subclass mean square as error. 
> Using pasture x year mean square as error. 


The three-year average net lamb income per ewe in the flock at lambing 
time (considering the value of the lambs not sold—see table 4, footnotes b 
and c) was $13.15 for the Suffolk-sired group, and $11.38 for the South- 
down group. Number of ewes in the flock at lambing time was chosen as the 
basis for calculating returns per ewe rather than number of ewes bred 
because of mortality of ewes between breeding and lambing which was not 
associated with the breed of ram used. 


TABLE 4. SLAUGHTER AND CARCASS DATA OF SUFFOLK (S) AND 
SOUTHDOWN (SD) CROSSBRED LAMBS 








1956 1958 All years 


Year and group S sD S S 5 SD S sD 





A. Lambs graded fat at weaning 


No. lambs slaughtered 18 27 22 25 
Av. live wt. (unshrunk), Ib. 88.1 72.0 80.9 70.0 
Av. chilled carcass wt., lb. 44.0 36.0 41.9 37.7 
Dressing % 50.0 50.0 
Carcass grades (% of all 
lambs in each grade) 
Prime sere re wats sais ; Beaten ete 
Choice 83.3 2 * 36. 75.0 76.0 
Good 16.7 : : suis 25.0: 26.0 
Av. price/Ib. (gross), $ 0.46 ‘ t - 0.41 0.41 
Av. return/lamb (net),* $ 18.10 , ; é 15.56 11.88 


B. Lambs pastured on irrigated clover for 60 days post-weaning 


No. lambs slaughtered 52 53» 63 46¢ 
Av. live wt. (unshrunk), Ib. 93..0° > 78s : ‘ 95.8 76.9 
Av. chilled carcass wt., lb. 43:9: 38. 3. : 44.3 35.7 
Dressing % 47.2 47. F ; 46.2 46.4 
Carcass grades 

Choice Oe Sam ¥ * 30.2 

Star good 4 ioe eine ee eats 34.9 

Good 0.0 % : 8 28.6 
Utility 1.9 9 8 8 6.3 
Av. price/Ib. (gross), $ 0.36¢ .40 .38 .38 0.43 0.44 
Av. return/lamb (net), * $ 13.97 12.19 ~37 21.39 18.38 15.10 





* $2.00 per lamb killing charge ($1.50 per lamb for 1958 feeders) deducted. 

> Four lambs removed and used for class work. 

© Ten lambs removed and used for class work. 

4 Star good grade: packer grade which includes low choice and top good carcasses. 
© Five carcasses sold for only $0.08 per lb. due to swollen joints. 
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Discussion 


As indicated in the introduction, it was expected that the Southdown- 
sired lambs would be lighter than the Suffolk crossbreds, the purpose of the 
experiment being to measure the extent to which the fattening ability and 
conformation of the Southdown crosses would compensate for their lighter 
weights under the conditions of the experiment. 

Small differences in favor of the Southdown crosses in percentage of 
lambs fat at weaning, dressing percentage and carcass grades were found. 
There was also a difference in favor of the Southdowns in percentage of 
lambs surviving to weaning. These differences were not sufficient, how- 
ever, to offset the lighter weights of the Southdowns, which amounted to 
12 lb. at 120 days of age and became greater with age in those lambs fed 
for a period after weaning. The weight difference was such that approxi- 
mately 9 cents per pound more in net returns was needed for the South- 
down carcasses in order to realize the same net income as for the Suf- 
folks. The price differential actually received was slightly less than one 
cent per pound, and this advantage was eliminated by the fact that the 
killing cost on a per pound basis was higher for the Southdowns. Since 
lambs are most commonly sold on a live weight basis, the cost of killing 
does not appear in the returns to the producer. Nevertheless it is a factor 
in the marketing of lamb and will always be proportionately greater for 
lighter lambs. 

No data on the chemical composition of the carcasses were obtained. It 
is quite possible that the Southdown crosses were fatter at weaning than 
the percentage of fats would indicate; one of the buyers grading the lambs 
stated that some of the Southdown cross lambs were fat but too light to 
sell and he therefore sorted them into the feeder group. 

As indicated above, two interactions involving type of pasture were 
significant. The first was with respect to 120-day weights, Suffolk crosses 
being heavier on improved pasture and Southdown crosses being heavier 
on native pastures. The difference is consistent with the reasoning that the 
smaller animals do relatively better under conditions where they have to 
travel farther to obtain feed, but not consistent with the idea that the 
shorter-legged Southdowns would do better under more abundant feed 
conditions. In either case the difference was not large enough to be of much 
practical significance. 

The pasture by year interaction found in the analysis of the gains of 
lambs on irrigated pasture indicates that there was a carry-over effect from 
pre-weaning treatment but that this effect was not consistent from year 
to year. It is possible that this difference was due to ‘some essential nutri- 
tional element provided by the improved pastures during the first two 
years only following fertilizer application. It appears more likely, however, 
that the difference was due to interaction of season, type of pasture and 
stocking rate. In 1956 and 1957 lambs on improved pasture gained more 
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rapidly during the first half and less rapidly during the second half of 
the pre-weaning period than did those on native pasture. This would result 
in the improved pasture lambs being larger-framed but carrying less condi- 
tion at weaning; hence, they would be expected to gain more rapidly 
after weaning. In 1958, the above pattern was not found and in that year 
the trend of the previous two years with regard to post-weaning gains did 
not hold. 

In table 4-B it may be noted that both groups of lambs in 1957 dressed 
approximately 2% higher than the 1958 lambs. At the time these lambs 
were weighed off pasture, it was noted that they did not appear to be carry- 
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Figure 1. Growth curves to 120 days of Suffolk- and 
Southdown-sired lambs, by type of birth. 
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ing a normal fill, so that although the weights taken were intended as non- 
shrunk weights some shrink had probably taken place. This also means 
that the daily gains for 1957 (table 3) are somewhat lower than they 
should be, although even if adjusted upward to allow for greater shrink 
they would still be considerably lower than in the other two years. 

The “star good” group in this table represents a packer grade and 
included low choice and top good carcasses. They are listed separately 
because it was not possible to determine what percentages of the group 
would go into the choice and good federal grades. 

The results of this experiment indicate that the Southdown-sired lambs 
are less profitable than those sired by Suffolk rams, due to the considerably 
lower selling weights of the former. On a market paying a premium for 
30-35 lb. carcasses, the Southdown would be expected to compare more 
favorably. This appears to be the case in New Zealand. The lambs in this 
experiment were sold through commercial channels which are probably 
representative of those on most markets in this country; and, within the 
weight ranges involved, no premium was paid for the lighter carcasses. 
While it may be possible under more favorable feed conditions to get 
lambs too heavy for markets in this country, it does not seem likely that 
size differences of the order found in this experiment would in any case 
favor the smaller breed when total lamb income is considered, unless 
market preferences in the future are quite different from those at present. 


Summary 


A three-year experiment was conducted to compare the performance of 
Suffolk- and Southdown-sired lambs in an area characterized by a rela- 
tively short period of good feed supply. One hundred whiteface ewes of 
mixed breeding were allotted each year to three or to four rams of each 
breed. 

The three-year average results, for Suffolk- and Southdown-sired groups 
respectively, were as follows: lambs weaned per ewe alive at lambing, 
0.85 and 0.91; 120-day lamb weight, 71.3 and 59.3 lb.; percentage “fats” 
at weaning, 24 and 30; daily gain on irrigated pasture, 0.31 and 0.23 
lb.; dressing percent (based on unshrunk live weights), 48.3 and 49.1; 
percent of carcasses grading prime, choice, good and utility, 0, 59, 38, 3 
and 7, 73, 18 and 2; carcass price per pound (gross), $0.40 and $0.41; 
carcass price per pound (net after killing charges deducted), $0.36 and 
$0.36; returns per ewe alive at lambing, $13.15 and $11.38. 

The results indicate that the lighter weights of the Southdown-sired 
lambs were not compensated for by their slightly higher carcass grades 
and percentage survival to weaning, and that the lambs sired by rams of 
the larger breed returned approximately 16% more lamb income per ewe. 
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MILK PRODUCTION OF BEEF SHORTHORN COWS 


W. M. Dawson,! A. C. Cook ? AND BRADFoRD Knapp, Jr.® 
United States Department of Agriculture + 


[% practical beef production the amount of milk supplied by beef cows 

to their calves is of considerable importance since it supplies most 
of the nutriment in the early life of the calf. Thus it can be expected to 
have a marked effect on the growth of the calf and on the economy of its 
gains. However, few attempts have been made to measure the amount 
of milk produced by beef cows. The United States Department of Agricul- 
ture has made two attempts to do this with beef Shorthorn cows. At the 
Agricultural Research Center, Beltsville, Maryland an attempt was made 
under the direction of the late William H. Black to measure the amount 
of milk produced when the cows were nursed by their calves. At the 
Kansas Agricultural Experiment Station, Manhattan, Kansas in cooper- 
ative project “Sex Type as Related to Functional Development and Per- 
formance” under the direction of W. F. Ward of the U. S. Department 
of Agriculture and W. A. Cochel and C. W. McCampbell of the Kansas 
State Agricultural College, the cows were milked as though they were 
dairy cows while their calves were raised by nurse cows. Data from the 
study made at Beltsville were used in publications by Black and Knapp 
(1936 and 1941), but in neither case were any figures for the milk pro- 
duction given. The data from the Kansas experiment although done 40 
years ago have not previously been published. Inquiries received from time 
to time indicate the results are of interest and might be of value to other 
investigators. 


Procedures 


In the study at Beltsville, there were 30 beef Shorthorn cows tested 
for milk production from 1931 to 1935. Of these, 14 had single lactations 
and the others had from two to five lactations used in the investigations. 
The cows received grain, silage and hay during the winter until put on 
pasture the last part of April or first of May. They received no supple- 
mental feed while on pasture. The calves did receive extra feed. They 
remained at the barn and records were kept of their individual feed 


1 Animal Husbandman. 

2 Retired, formerly Animal Husbandman. 

8 Formerly Animal Husbandman, now with the International Cooperation Administration, Wash- 
ington, D. C. 

« Beef Cattle Research Branch, Animal Husbandry Research Division, A.R.S., Agricultural Research 
Center, Beltsville, Maryland. 
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consumption. The cows varied in age, at the time the lactations were 
started, from 2% years to 7 years. 

Milk production was estimated by weighing the calves weekly before 
and after nursing. The calf was taken off the cow the evening before the 
test and allowed to nurse at 4:00 a.m., Noon, and 8:00 p.m. In 1930 and 
1931 the calves were weaned when 245 days old, whereas from 1932 to 
1935 the calves were weaned when 252 days of age, in order to have the 
total days divisible into nine equal 28-day periods. 

Samples of milk were drawn by hand from the cows in 25 of the lacta- 
tions for a butterfat determination. These were taken after the calf had 
nursed but before the quarter was milked out. The samples were taken 
each week. 

At Manhattan 20 beef Shorthorn cows were selected in 1915 because 
they had shown their ability to produce beef calves of exceptional merit 


TABLE 1. MILK PRODUCTION OF BEEF SHORTHORN COWS, BY YEARS, 
AT BELTSVILLE 








No. Average milk Range in milk No. days 
of cows production, Ib. production, Ib. in lactation 





3787.0 3430-4410 245 
4486.0 2803-5523 245 
4390.8 2520-5656 252 
5080.9 4245-6202 252 
4700.3 2851-6167 252 
3825.5 2496-5772 252 





and showed evidence of good milking qualities. Later cows which failed to 
produce well were replaced by daughters of high producers. All heifers 
were retained until they produced calves. The original cows were from 17 
different breeders and represented some of the leading Shorthorn herds in 
the Eastern and Central United States. The records do not state how the 
cows were fed but they do say the cows were milked and the milk testing 
done under the supervision of the Dairy Department of Kansas State 
Agricultural College in order that the records would be accepted as official 
by the American Shorthorn Breeders’ Association. The calves were raised 
on nurse cows; otherwise, the treatment of the cows was similar to that 
of a good herd of purebred Shorthorns. From 1915 to 1919, 42 complete 
lactations of 365 days or less were obtained from 24 cows. 


Results 


Milk production as estimated at Beltsville varied from 2520 Ib. to 
6202 lb. (table 1). The average for the two years when the calves were 
weaned at 245 days was 4168 Ib. of milk with a standard deviation within 
years of 743 lb. For the four years when the calves were weaned at 252 
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days of age the average and standard deviation were 4444 and 871 )b., 
respectively. The variation in milk production between years was highly 
significant for the four years when the calves were weaned at 252 days of 
age. It was not significant when the calves were weaned at 245 days of 
age, but this appears to be due to the small size of the sample. Within 
years there was a considerable variation in milk production between cows 
as indicated by the standard deviations given above. In extreme cases the 
highest producer within the year gave more than twice as much milk as 
the lowest producer (table 1, column 4). 

The average age of the cows at the start of the lactations was 4 years 
and 8 months. When the cows whose calves were weaned at 252 days of 
age were grouped by ages (table 2) the trend, in general, was about as 
one would expect except for a slight drop in the production of cows 48 
to 59 months old. That is, they start low and increase up to six years and 
then decrease. However, the results can only be considered as indicative 


TABLE 2. MILK PRODUCTION," BY AGE OF COW, AT BELTSVILLE 








Average milk 





Age of cow at start, months No. of cows production, lb. Range, lb. 
27 to 35 18 4029.6 2496-5054 
36 to 47 8 4694.0 3584-5544 
48 to 59 11 4569.1 2851-6202 
60 to 71 6 4844.0 3703-5772 
72 to 83 4 4757.8 2911-6167 
84 and over 3 4389.7 4157-4508 





* Calves were weaned at 252 days. 


since the numbers of cows in the different groups were so small, the same 
cows were not represented in all the different groups and no corrections 
have been made for differences which may be due to culling, and to sea- 
sons. Adding the cows whose calves were weaned at 245 days of age to 
the group did not change the results materially. 

An average value of 3.98% butterfat was obtained for the 25 lactations 
in which it was determined. 

The cows, on the average, reached their peak production at the end of 
the second month of their lactations, and the average milk production for 
their highest 28-day period was 22.7 lb. per day. The peak production 
ranged from 12.4 to 35.5 lb. per day. All of the cows were still milking 
when their calves were weaned and their average production for the last 
month of their lactations was 13.6 lb. of milk per day with a range of 
6.0 to 24.0 lb. 

If one estimates that the 11 cows which had lactations of 245 days 
produced at the rate of 13.6 lb. for 7 more days, the average for 61 
lactations of 252 days would be in round figures 4400 lb. 

Milk production at Manhattan, Kansas, averaged 4862 lb. of milk, 




















BEEF SHORTHORN Cows 505 





TABLE 3. MILK PRODUCTION OF BEEF SHORTHORN COWS, AT 
MANHATTAN BY YEARS 











Range in 
Av. age Av. milk Av. butterfat butterfat 
No.of ofcows, production, Rangeinmilk production, production, 
Year cows mo. lb. production, Ib. lb. lb. 
1915 6 66 2962 895-4668 111 29-159 
1916 16 66 4559 2014-8657 175 84-294 
1917 12 78 5788 1796-10303 234 86-387 
1918 8 66 5503 2138-8733 223 92-367 





192 lb. of butterfat and a test of 3.95% for the 42 lactations. The standard 
deviations within years were 2174 lb. for milk and 83.5 lb. for butterfat. 
Variance between years was significant at the 5% level for butterfat but 
slightly under it for milk. The average figures and ranges for milk and 
butterfat showed a marked increase from 1915 to 1917 but dropped 
slightly in 1918 (see table 3). Age of cow undoubtedly also influenced 
production as can be seen in table 4 but its effect appears to be erratic. 
There were more old cows in the sample than one would expect in a normal 
distribution of ages, indicating the effects may be to a considerable extent 
due to selection and culling rather than age alone. Although several of 
the cows milked over 365 days (one for 518 days), only the first 365 days 
production has been used. The average length of lactation of 26 lactations 
on which this information was recorded was 298 days. 

Few if any of the cows had been milked before being put in the 
experiment. Of the 24 cows tested, 14 had at least two lactations. When 
the first and second lactations of these cows were adjusted to mature 
equivalent records, using age correction factors for Milking Shorthorns 
(Kendrick, 1955) since none were available for beef Shorthorns, it was 
found that on the average the second Jactation was 1190 lb. more than 
would be expected because of the increase in age of the cows. This difference 
was not significant with the number of cows tested and the variations 
found. Two cows showed marked increases in their second lactations of 


TABLE 4. MILK PRODUCTION,” AGE OF COW, AT MANHATTAN 

















Milk, lb. Butterfat, lb. 
Age of cow at start, mo. No.of cows Average Range Average Range 
24 to 35 3 3398 2138-5796 142 92-236 
36 to 47 8 4310 2948-7384 175 112-290 
48 to 59 4 3112 1796-5031 120 86-168 
60 to 71 8 5306 895-8733 219 29-368 
72 to 83 3 5061 2922-6645 189 112-252 
84 up 14 5868 2393-10303 225 86-387 





* Lactation of 365 days or less. 
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being milked and accounted for most of the difference. First lactation and 
second lactation in the above discussion refers to the order of the lactations 
in this experiment and not in most cases to the number of lactations in 
the lifetime of the cow. 

Five of the cows met the requirements of the Shorthorn Registry of 
Merit. Of these, the two with the highest milk production were judged 
to be of acceptable beef type while the other three were of exceptionally 
desirable beef type. From 1915 to 1918, four steers and two bulls from 
the project were shown in the Kansas State Agricultural College show herd. 
They won prizes at Kansas State Farms and at the American Royal and 
International shows. In 1919 a junior yearling steer out of one of the 
cows won first at the International. 

Discussion. The estimated amount of milk produced by the beef Short- 
horn cows at Beltsville appears to be about what one would expect when 
judged by the food requirement necessary to produce the growth obtained 
with their calves. Twenty-nine heifer calves from these cows consumed on 
the average 4.98 lb. of total digestible nutrients per day (from milk, grain 
and hay) and had an average daily gain of 1.8 lb. Their estimated require- 
ment based on the nutrient requirements for normal growth (1.7 lb. gain 
per day) for dairy heifers of the large breeds published by the National 
Research Council (1956) was 5.22 lb. of T.D.N. per day. Thus they ate 
a little less than the recommended requirement and gained slightly more. 
This would seem to indicate that the cows gave at least as much milk as 
was estimated. 

Records obtained at Manhattan were from a highly selected sample of 
beef Shorthorn cows that combined evidence of considerable milk produc- 
tion with good beef type. Thus their production was probably above the 
average for the breed but since the cows were obtained from 8 different 
states and 17 different breeders it was believed they represented a fair 
sample of the best cows in the breed. 

Gifford (1953) estimated the amount of milk produced by beef cows by 
the following method. He separated the calves from their dams for 3 days 
each month. On these days they were allowed to suckle their dams twice 
daily. On the second day one-half of the udder of each cow was milked by 
hand while the calf sucked the other half. On the following day the oppo- 
site half was milked by hand. The records of the amount of milk obtained 
from the two halves of the udder were combined and used to estimate 
the monthly and the lactation production. Gifford (1953) obtained 54 
records from 28 Hereford cows, 14 from 7 Aberdeen-Angus cows and 9 
from 5 Shorthorn cows. The average production obtained by him was 
1498 Ib. of milk testing 3.08% fat. His records ranged from 312 Ib. of 
milk and 14 lb. of butterfat in 236 days to 2458 lb. of milk and 88.4 Ib. 
of butterfat in 244 days. This is considerably less than the production 
obtained in this study. 
























BEEF SHORTHORN Cows 507 





Gowen (1918, 1920) and Cole and Johansson (1933) obtained milk 
yields from Aberdeen-Angus cows used in crossbreeding experiments. 
Gowen estimated the transmitting ability of the Aberdeen-Angus bull used 
in the experiments at the Maine Agricultural Experiment Station from the 
average milk production of the Aberdeen-Angus herd which he gives as 
1661.5 lb. of milk for 8 months corrected to a 2-year-old record. The herd 
consisted of four or five cows. The range for the three records he gave 
was from 1066 to 2852 lb. of milk. According to Cole and Johansson (1933) 
the average percentage of butterfat for the Aberdeen-Angus cows of the 
Maine experimental herd was said to be 4.4, with considerable range on 
either side of this point. They also gave some records from the Aberdeen- 
Angus Review and the Engiish Register of Dairy Cattle showing some 
of the best milkers in the Angus breed have given up to 10,000 or 11,000 
Ib. of milk and the but:erfat content of the milk has been in most cases 
above 4.0%. 

In their experiments at the Wisconsin Agricultural Experiment Station, 
Cole and Johansson (1933) tested seven purebred Aberdeen-Angus cows. 
The average of these cows was 3100 Ib. of milk with 4.1% butterfat per 
lactation. The range was from 1027 lb. of milk to 6,746 lb. on the first 
lactation but lactations varied in length from 185 days to 551 days. Their 
cows were handled as dairy cows, milked twice daily and stall-fed prac- 
tically the whole year on hay, silage and a suitable concentrate mixture. 

If the differences obtained are partly due to the methods of estimation 
it appears that further work is needed on estimating the milk production 
of beef cows. It is believed that the nursing method used at Beltsville has 
an advantage over milking beef cows by hand or with a machine in that 
it takes advantage of any ability of the calf to encourage the cow to give 
milk. Letting the calves nurse three times a day might get more milk 
from relatively low producing cows than one would get with hand milking 
twice a day. When calves are running with the cows they probably nurse 
even more often. Of course, this method is limited by the amount of milk 
the calf can consume. Cows with a very high milk producing potential 
would probably tend to adjust to the amount of milk the calf could take 
and their potential would thus be under estimated. 

At Beltsville, the variation in the amount of milk produced by the 
cows was sufficient to have a marked effect on the rate of gain of their 
calves (Knapp and Black, 1941). These investigators obtained a highly 
significant correlation between the daily gain of the calves and the quantity 
of milk produced by their dams of 0.517. Since these calves were allowed 
grain and hay in addition to milk and were not weaned until they reached 
245 or 252 days of age, it is likely that with calves that did not receive 
as much supplementary feed or which were weaned at younger ages there 
would be an even more marked effect of the amount of milk given by 
the cows on the growth of their calves. 
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Summary 


Milk production of 30 beef Shorthorn cows at the Agricultural Research 
Center, Beltsville, Maryland was estimated by weighing their calves before 
and after nursing on one day each week. The over-all average was esti- 
mated at approximately 4400 Ib. of milk with 3.98% butterfat for a 
lactation period of 252 days. Peak production was reached on the average 
at the end of the second month. The average production for the highest 
28-day period was 22.7 lb. per day. Production for the last month of 
lactation averaged 13.6 lb. per day. Both age of cows and years had 
marked effects on level of production. Food requirements of the calves 
indicated that the level of milk production by the cows was at least as 
high as was estimated. 

At Manhattan, Kansas, in a cooperative project between the Kansas 
Agricultural Experiment Station and the United States Department of 
Agriculture, 24 highly selected beef Shorthorn cows were milked as though 
they were dairy cows. Forty-two complete lactations of 365 days or less 
were obtained which averaged 4,862 lb. of milk, 192 lb. of butterfat and 
tested 3.95%. Production was apparently affected by years and age of 
cow although these effects could not be separated from those of selection 
and culling. On the average, the fact that the cows had not been milked 
before did not appear to affect the results significantly although for a few 
cows it did seem to make a difference. For 26 lactations of 365 days or 


less on which the information was recorded the average length of lactation 
was 298 days. 
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EFFECTS OF ADRENAL GLUCOCORTICOIDS AND 
TESTOSTERONE ON THE SEMEN 
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BERRANT histological changes in the adrenal gland have been found 

in some bulls that produce semen of low quality. Some bulls pro- 
ducing semen with a high concentration of sperm but a low concentration 
of fructose and a low motility had small fascicular tumors or increased 
widths of the fascicular-reticular zones. Bulls with a low concentration 
of sperm or aspermia had an increased width of the glomerular zone of 
the adrenal. Other animals had fascicular tumors combined with hyper- 
plasia of the glomerulosa. 

Since the adrenal cortex secretes several types of steroids, the experi- 
ments conducted were designed to determine the effects of the gluco- 
corticoids on the semen of normal bulls and bulls with abnormalities in the 
adrenal. Because few bulls were available for study, supplementary experi- 
ments were conducted with rabbits. 


Experimental 


The experimental animals were four normal bulls (numbers 1, 2, 3, 4) 
and three abnormal bulls—one bull (number 5) with an adrenal tumor, 
one bull (number 6) showing the semen characteristics found in animals 
with an increased width of the glomerular zone of the adrenal, and one 
bull (number 7) with a congenital hypoplasia of the testes and small 
adrenals. Each animal acted as its own control; the control data recorded 
in table 2 were collected before the treatments were begun. 

The adrenal cortical steroids (courtesy of Merck, Sharp & Dohme) and 
the testosterone compounds (courtesy of Schering Corporation) were in- 
jected intramuscularly (table 1). : 

The schedule of injections used was selected because early trials indi- 
cated that the bulls had different sensitivities to the hormones. Injection 
of bull number 3 was stopped because the carotid artery ruptured (during 
lancing of an abscess on the jaw) and resulting surgery stressed the animal 
so severely that the activity of his own adrenal probably masked the 
effects of the injections. Injections were discontinued in bulls 6 and 7 
at 8 and 15 weeks, respectively, because they refused to mount the teaser 
cow and semen could not be collected with an artificial vagina. The andro- 
genic compounds were injected primarily to determine their effect on 
fructose and citric acid in the semen. Early trials had shown that testoster- 
one propionate did not affect the fructose levels of the semen from bulls 
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with adrenal tumors or with hypertrophy of the fascicular-reticular zones 
of the adrenal. 

Sexually mature male rabbits, obtained commercially, were trained to 
use an artificial vagina. Each animal acted as its own control. Some of the 
rabbits were adrenalectomized in two stages using a flank approach. 
Adrenalectomized rabbits were injected daily with 5 mg. corticosterone 
or 1 to 5 mg. hydrocortisone acetate or cortisone acetate. Normal rabbits 
were injected with cortisone acetate and hydrocortisone acetate at doses 


TABLE 1. HORMONE INJECTIONS IN BULLS 








Injection 





Amount per Frequency, Duration, 
Bull no. Hormone injection,mg. times weekly weeks 





4 Hydrocortisone acetate 4 


Depo-testosterone 
Cortisone acetate 
Hydrocortisone acetate 


Depo-testosterone 


Hydrocortisone acetate 


Depo-testosterone 
Hydrocortisone acetate 
Testosterone propionate 
Hydrocortisone acetate 


Depo-testosterone 


Hydrocortisone acetate 


I el el Be es oe) 
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ranging from 2.5 mg. three times weekly to 20 mg. daily. Corticosterone 
was injected at a level of 5 mg. daily in order to compare its effect with the 
glucocorticoids. 

Sperm concentration was determined by counting in a hemocytometer; 
percentage live sperm was determined by the method of Mayer et al. 
(1951); motility was estimated on a percentage basis. Abnormal forms 
were counted on live-dead slides; volume of ejaculate was recorded to the 
nearest 0.1 ml.; fructose was determined by the method of Mann (1948), 
and citric acid by the method of Saffran and Denstedt (1948). 

Data were analyzed for individual bulls by comparing the control 
periods against the treatment periods and grouping all dose levels together. 
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Data from both the normal and adrenalectomized rabbits were grouped 
into control periods and treatment periods. Control data on the adrenalec- 
tomized rabbits were taken before the operation. The treatment periods 
followed adrenalectomy. Partially adrenalectomized rabbits were placed 
in the normal group for analysis, and, as with the bulls, all treatment 
levels were placed in one group for analysis. Cortisone acetate and hydro- 
cortisone acetate affected semen similarly, and were grouped together in 
the analysis. 


Results 


The effects of cortisone and hydrocortisone on the semen from bulls 
are recorded in table 2. Among the seven bulls, sperm concentration in- 
creased in five, sperm numbers per ejaculate increased in six, and fructose 
concentration decreased in five. Other semen characteristics did not change 
significantly. 

The effects of testosterone are recorded in table 3. Among the five bulls 
receiving testosterone, citric acid concentration increased in four, and 
sperm concentration decreased in all five, though the decrease reached 
statistical significance in only one animal. Other characteristics of the 
semen did not change significantly. 

The effects of corticosterone, cortisone acetate, and hydrocortisone 
acetate on sperm and fructose concentration in normal and adrenalecto- 
mized rabbits are shown in table 4. The fructose and sperm concentration 
of the semen from normal and adrenalectomized rabbits was not changed 
by corticosterone. However, analysis of variance revealed that rabbit-by- 
treatment interaction was significant with respect to fructose concentration 
among the corticosterone-treated rabbits. Adrenalectomized rabbits receiv- 
ing corticosterone survived for only 3 to 4 weeks and their libido was so 
decreased that semen samples could be obtained for only 2 to 3 weeks 
following adrenalectomy. 

Cortisone acetate and hydrocortisone acetate increased the concentration 
of sperm and fructose in normal and adrenalectomized rabbits. Significant 
rabbit-by-treatment interactions were found with respect to sperm concen- 
tration in both normal and adrenalectomized rabbits and with respect to 
fructose concentration in normal rabbits. 


Discussion 


In most of the animals, supplementary cortisone acetate and hydro- 
cortisone acetate increased sperm concentration and total sperm per 
ejaculate. However, individual response to these hormones differed in 
both bulls and rabbits, and dose level appeared to be one of the factors 
affecting the animal’s response. For example, one normal rabbit produced 
semen containing the following sperm concentration during treatment with 
hydrocortisone acetate: Control period 32.2; 2.5 mg. 3x weekly, 49.5; 
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GLUCOCORTICOIDS AND TESTOSTERONE 


TABLE 3. EFFECTS OF TESTOSTERONE ON SEMEN OF BULLS * 








Sperm conc., Fructose, Citric acid, Total sperm 
Bull no. w1./105 mg./100 ml. mg./100ml. Volume, ml. x 109 





(1) 8.70** 414 539 : 2.349 
(3) 9.60 380 420 : 3.264 
(4) 13.40 145* 235 

(5) 17.27 188 609** 

(6) 4.90 600 657 





« Control data are listed in table 2. 
** Treatment significant at 1% level. 
* Treatment significant at 5% level. 


5 mg. 3x weekly, 57.0; 10 mg. 3x weekly, 90.0; 10 mg. daily, 42.7x10* 
sperm per pl. At 20 mg. daily, another normal rabbit showed a temporary 
increase in concentration of sperm, and then a decrease. At this level, libido 
decreased in about 3 weeks, and histological examination of the testis fol- 
lowing treatment showed that spermatogenesis was arrested at the primary 
spermatocyte stage. Adrenalectomized rabbits showed increases in sperm 
concentration at lower doses than normal rabbits, and the bull with small 
adrenal glands also responded at a lower dose than did normal bulls. 

These observations indicate that a complex relationship exists between 
the adrenal, sperm production, and fructose concentration. The different 
responses of individual animals in sperm concentration may reflect the 
secretory activity of the animal’s own adrenal gland, but other factors 
are also present because of significant interactions in the adrenalectomized 
animals. 

Cupps et al. (1954) found histological changes in the pituitaries of 
bulls with small fascicular tumors of the adrenal. In some of these animals, 
sperm concentration increased and fructose concentration decreased. Injec- 
tions of cortisone acetate and hydrocortisone acetate had similar effects 
in normal bulls. This indicates that some effects noted in bulls with 


TABLE 4. THE EFFECTS OF CORTICOSTERONE, CORTISONE, AND 
HYDROCORTISONE ON SPERM AND FRUCTOSE CONCEN- 
TRATION IN RABBIT SEMEN 








Normal rabbits Adrenalectomized rabbits 
Sperm conc., Fructose conc., 
per ul./104 mg./100 ml. per u1./10* mg./100 ml. 


Sperm conc., Fructose, 





Group Mean S.D. Mean S.D. Mean S.D. Mean S.D. 





Control (3) 55.4 49.0¢ 181 111.0 (3) 47.9 27.8 141 22.9 
Corticosterone (3) 51.4 27.6¢ 167 111.5» (3) 49.8 28.0¢ 187 lle 

Control (7) 46.2 32.4 253 107.4 (4) 57.0 31.9 112 be AB 
Cortisone and hydrocortisone (7) 56.4 31.4 281 149.5»,e (4) 82.2 41.5% 4 170 105.64 





* Number of animals used in each group. 

» Rabbit-by-treatment interaction significant at .01 level. 
© No evidence of interaction or treatment effect. 

4 Treatment effect significant at the .01 level. 

¢ Treatment effect significant at the .05 level. 
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tumors were caused by increased secretion of glucocorticoids. Other factors 
were probably present too, since the glucocorticoid injections did not 
cause the lowered motility found in the semen of bulls with tumors. The 
mechanisms causing the increase in sperm concentration are not known, 
but histological studies of the pituitary indicated that the delta cells were 
involved. 

Rabbits and bulls show a distinct species difference in the effect of 
glucocorticoids on fructose concentration. The mechanisms causing this 
difference are not known, but available evidence indicates that it occurs 
at the tissue level, for hyperglycemia results from these compounds in 
both species. 


Summary 


Cortisone acetate and hydrocortisone acetate increased sperm concen- 
tration and total sperm per ejaculate, and decreased the fructose concen- 
tration in 5 of 7 bulls. Motility, percentage live, and citric acid concentra- 
tion were not changed. Of seven normal rabbits treated with cortisone 
acetate and hydrocortisone acetate, sperm concentration increased in four, 
was unchanged in two, and decreased in one. Of four adrenalectomized 
rabbits, sperm concentration was increased in three and decreased in one. 
Fructose concentration was increased in both normal and adrenalectomized 
rabbits. 

Corticosterone had no effect on sperm and fructose concentration in 
normal or adrenalectomized rabbits. 

Testosterone increased citric acid concentration in the semen of four 
of five bulls. Sperm concentration was decreased in all five bulls, but only 
in one was the decrease statistically significant. 

Supplementary glucocorticoids caused changes in semen characteristics 
that were similar to those found in bulls with fascicular adrenal tumors 
and hypertrophy of the fascicular-reticular zones. 
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RELATIVE VALUE OF LOW-MOISTURE CORN AND ENSILED 
HIGH-MOISTURE CORN FOR FEEDER LAMBS? 


W. E. BENJAMIN AND R. M. JoRDAN 
University of Minnesota, St. Paul 


NSILED high-moisture corn is now being fed to many classes of farm 

animals. Beeson et al. (1958) and Culbertson et al. (1957) reported 
that ensiled high-moisture ground ear corn promoted a greater rate and 
efficiency of gain than low-moisture corn when fed to beef cattle. Beeson 
and Conrad (1958) found that ensiled high-moisture shelled corn did not 
promote as rapid or as efficient gains as low-moisture corn when fed to 
growing-finishing swine. Evidence pertaining to the feeding value of both 
ensiled high-moisture ground ear corn and ensiled shelled corn for feeder 
lambs is lacking. 

The purpose of this study was to compare the relative feeding value 
of ensiled ground ear corn and ensiled shelled corn for feeder lambs, using 
the conventionally stored low-moisture type of these feedstuffs as a basis 
of comparison. An attempt was also made to determine the “effects” of 
ensiling and drying on the feeding value of both ground ear corn and 
corn grain for feeder lambs. | 


Materials and Methods 


Three trials involving 175 feeder lambs were conducted. Trial I was 
conducted during the fall and winter of 1957-58, Trial II during the 
winter of 1958 and Trial III during the fall and winter of 1958-59. 
All of the lambs were drenched with phenothiazine and were shorn prior 
to the beginning of each trial. Corn, hay and soybean meal were hand-fed 
twice daily in bunker type feeders. Water, trace mineralized salt and a 
50:50 mixture of salt and steamed bone meal were provided ad libitum. 

The ensiled corn fed in Trials I and II was stored in large air-tight 
containers made of an .008-inch thickness of polyvinyl chloride. In Trial 
IIT one-half of each type of the ensiled corn fed was stored in bags made 
of the same material, each bag containing about 75 lb. of moist corn. 
The other half was stored in two miniature wooden silos which were lined 
and capped with the plastic material. 

Proximate chemical analyses of the corn were made according to meth- 
ods of the Association of Official Agricultural Chemists. Statistical designs 
used in these trials were according to methods given in Dixon and Massey 
(1957). 


1 Paper No. 4238, Scientific Journal Series of the Minnesota Agricultural Experiment Station, St. 
Paul. From a thesis submitted by the senior author in partial fulfillment of the requirements for the 
M.S. degree at the University of Minnesota. 


515 











516 BENJAMIN AND JORDAN 


The microbiological examination of the corn fed in Trial III was done 
as follows: yeasts and molds were estimated by a plate count, using a 
tryptone-yeast-glucose-extract agar which was incubated at room tem- 
perature for 5 days; aerobic bacteria were estimated by a plate count, 
using a tryptone-yeast-glucose-extract agar which was incubated at 32° F. 
for 2 days. Facilities for determining anaerobic bacterial counts were not 
available. 

All the animals in Trials I and III were slaughtered in a large packing 
house and carcass grades were determined according to the United States 
Government grading system. 

Trial I was designed to compare the value of ground ear corn and 
shelled corn, both subjected to three different processing methods: ensiling, 
drying and ensiling, and drying only. The corn fed in all lots was obtained 
from the same general area, and, except for Lot 4, came from the same 
field. Eighty-three native feeder lambs were used in this trial. All were 
vaccinated for enterotoxemia. Thirteen lambs were assigned to Lot 1 and 
14 to each of Lots 2, 3, 4, 5, and 6. 

Each lot was fed a ration consisting of fair quality mixed alfalfa-grass 
hay, soybean oil meal and the respective type of corn as follows: Lot 1— 
dried shelled corn. Corn was picked at 30% moisture, shelled and dried 
(100° F.) to 15% moisture. Storage was in an indoor open-air bin through- 
out the feeding period. Lot 2—ensiled shelled corn. Corn was picked at 
30% moisture, shelled and then put into an outdoor temporary silo made 
from the polyvinyl material. The bag was then sealed air-tight and fer- 
mentation was allowed to occur. Lot 3—dried ensiled shelled corn. Corn 
was picked at 30% moisture, shelled and then dried (100° F.) to 15% 
moisture. The corn was then put into a bag similar to that described 
for Lot 2. Water was added to a level even with the top of the corn and 
was allowed to remain overnight. The following day the water was drained 
off from the bottom and the bag was then sealed air tight. Lot 4—dried 
ground ear corn. Corn was dried with artificial heat (100° F.) to about 
15% moisture. A burr mill set for coarse grind (34 in.) was used to 
grind enough ear corn to last for about a two-week period. Lot 5—ensiled 
ground ear corn. Ear corn was coarsely ground and was processed by 
ensiling as in Lot 2. Lot 6—dried ensiled ground ear corn. Ear corn was 
ground coarsely and was processed by drying to 15% moisture and then 
ensiling as in Lot 3. The ensiled material fed in Lots 2, 3, 5 and 6 was 
removed approximately twice weekly during the trial. The bags were 
resealed each time to maintain the air-tight condition. 

Some spoilage occurred in the ensiled types of corn because of unusually 
warm weather and also because the plastic material was not durable enough 
to maintain the air-tight condition that was desired. However, very little 
spoiled material was actually fed. Decreased palatability was observed only 
in Lot 3 after 56 days. Because of this, the results of the first trial will 
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be presented on the basis of 56 days. However, the lambs in Lots 1, 2, 4, 
5 and 6 were continued on test for an additional 14 days. 

Trial II was designed to compare the value of dried shelled corn and 
ensiled shelled corn only. The corn used in this trial was the same material 
prepared for Lots 1 and 2 of Trial I. Six wether lambs weighing from 71 
to 79 lb. were assigned to each lot. All were kept in the same pen and 
were individually fed in a stanchion type bunker. The rations consisted 
of good quality chopped alfalfa hay, soybean oil meal and the respective 
type of corn. Lot 1 was fed the dried shelled corn and Lot 2 was fed the 
ensiled shelled corn. Oxytetracycline was added to the soybean oil meal 
so that each lamb received 30 mg. per day when fed 0.2 lb. of the protein 
supplement. This trial was terminated after 28 days due to spoilage of the 
ensiled corn. 

Trial III was designed to compare the value of dried shelled corn, 
ensiled shelled corn and dried-ensiled shelled corn. These types of corn 
were similar to those fed in Lots 1, 2 and 3 of Trial I except that the 
shelled corn fed in this trial was coarsely ground. This grinding was done 
to facilitate the absorption of water that was added to produce the dried- 
ensiled corn that was fed in Lots 3 and 6. 

Eighty-four feeder lambs of mostly Suffolk breeding were selected for 
this trial. Eight females and six males were assigned to each lot. Five 
days before the trial began the lambs were individually weighed, allotted 
to treatment, and the feeding of the respective rations was begun. At the 
end of the 5-day pretrial period the lambs were individually reweighed 
and this weight used to determine weight changes during the trial. This 
trial was conducted for 70 days. The rations consisted of good quality 
mixed alfalfa-grass hay, soybean oil meal, and the respective type of corn 
as shown later. Oxytetracycline was added to the soybean meal so that 
each lamb received 30 mg. per day when fed 0.1 lb. of the protein sup- 
plement. All lambs were fed the same amount of hay, the amount being 
limited to that which would not allow wastage in any one lot. An attempt 
was made to equalize the dry matter equivalent intake of corn among 
lots. All of the corn fed in this trial was derived from the same field. 

Treatment of the corn fed in each lot was as follows: Lots 1 and 4— 
dried shelled corn. Corn was picked at about 25% moisture content, shelled 
and dried with artificial heat (100° F.) to 15% moisture and then ground 
coarsely in a burr mill. Storage was in an indoor open-air bin throughout 
the feeding period. Lots 2 and 5—ensiled shelled corn. Corn was picked 
at 35% moisture content, shelled and then ground. Storage was as stated 
before. Lots 3 and 6—dried-ensiled shelled corn. Corn was picked at 35% 
moisture content, shelled, dried with artificial heat (100° F.) to 15% 
moisture and then ground. An amount of water calculated to restore the 
moisture content of the corn to 35% was then added to this dried corn. 
Storage was the same as in Lots 2 and 5. 
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Results and Discussion 


A comparison of the chemical analyses of the corn stored by the three 
different methods and fed in the three trials is presented in table 1. No 
definite or uniform pattern of effect due to storage method is apparent 
from these analyses. 

Trial I. Covariance analysis of the data, regressing weight gains to 
initial weight, showed a highly significant (P<0.01) difference in weight 
gains due to the main treatment, i.e., shelled corn (Lots 1, 2 and 3) and 
ground ear corn (Lots 4, 5 and 6). The inclusion of cobs in the ground 


TABLE 1. PERCENTAGE CHEMICAL COMPOSITION OF DRY MATTER OF 
THE CORN FED 








Nitrogen- 
free Ether Crude 
Trial no. and type of corn Protein extract extract fiber 





Trial 1* 
Lot 1—Dried shelled corn 11.65 
Lot 2—Ensiled shelled corn 12.79 
Lot 3—Dried ensiled shelled corn 12.45 
Lot 4—Dried ground ear corn 8.69 
Lot 5—Ensiled ground ear corn 10.05 
Lot 6—Dried ensiled ground ear corn 10.27 


Trial 2 
Lot 1—Dried shelled corn 12.32 
Lot 2—Ensiled shelled corn 12.62 


Trial 3” 
Lots 1 and 4—Dried shelled corn 11.98 
Lots 2 and 5—Ensiled shelled corn 11.70 
Lots 3 and 6—Dried ensiled shelled corn .02 





® Average of two analyses. 
» Average of three analyses. 


ear corn rations caused a highly significant decrease in rate of gain. The 
lambs fed ground ear corn had a slightly greater amount and percentage 
of roughage in their rations than did those fed shelled corn, although 
their hay intake was less. Further, it does not appear that any nutritional 
benefit was obtained by feeding the cobs, since more dry matter, not 
including cob dry matter, was required per unit of gain. This is in agree- 
ment with data reported by Bell (1949). Lambs fed either dry shelled 
corn or ensiled shelled corn (Lots 1, 2 and 3) consumed considerably more 
non-cob dry matter than lambs receiving ground ear corn (Lots 4, 5 
and 6). 

Within a main treatment neither drying nor ensiling of corn was found 
to have a significant effect on average daily gain. Ensiled ground ear corn 
promoted slightly greater rate of gain (Lot 5) than did the ground ear 
corn (Lot 4), but dried ensiled ear corn decreased the rate of gain. Those 
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lots of lambs fed the dried-ensiled corn were the least efficient in their 
utilization of dry matter. 

The average carcass grade for each lot did not show any definite rela- 
tionship with the type of storage method used for the corn fed, and since 
the final weight of each lot was not the same, relationships were not 
considered meaningful. All lambs graded from low good to high choice. 

Trial II. No statistically significant differences (P>.05) in average 
gain or efficiency of dry matter utilization occurred between lots. Fairly 
close equality of dry matter intake was obtained on each type of corn 


TABLE 2. INFLUENCE OF FORM AND METHOD OF STORAGE OF CORN ON 
PERFORMANCE OF FATTENING LAMBS IN TRIAL 1 








Shelled corn 


Ground ear corn 


Dried Dried 
Treatment Dried Ensiled __ ensiled Ensiled __ ensiled 





Lot no. 1 2 3 5 6 
No. of lambs 13 13 14 14 14 
Average initial weight, lb. 70. 73. 70. : 72: 71. 
Average daily gain, lb. 0. 0.3 0. ‘ 0. 0. 
Days fed 56 56 56 56 56 


Dry matter intake per day, lb. 
Shelled corn i. y AES as 
Ground ear corn ‘ 
Ground ear corn less cob 
Hay 
Soybean oil meal 
Total 
Total dry matter less cobs 


Dry matter per pound gain, lb. 
Shelled corn 
Ground ear corn 
Ground ear corn less cob 
Hay 
Soybean oil meal 
Total 
Total less cobs 





fed in this trial (table 3). No difference in palatability of the two types 
of corn was noted. 

Trial III. The feeding of ensiled shelled corn to lambs during a five-day 
pretrial period resulted in the lambs gaining an average of 2.5 lb. more 
per lamb than those fed dry shelled corn. In trials with ruminants this 
additional fill could bias the results to a large degree. 

There was no significant difference (P>.05) in average daily gain 
among the three treatments. Considerable variation in gain between repli- 
cates occurred in the lambs fed the dried corn (Lots 1 and 4). The intake 
of corn dry matter, hay and soybean oil meal was quite uniform among 
all lots (table 3); consequently, the efficiency of dry matter utilization 
was closely associated with weight gain. Dried shelled corn promoted the 
greatest efficiency of gain. About 10% more total dry matter was required 
per unit of gain for the lambs fed the ensiled corn, and about 5% more 
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TABLE 3. INFLUENCE OF METHOD OF STORAGE OF SHELLED CORN ON 
PERFORMANCE OF FATTENING LAMBS IN TRIALS 2 AND 3 








Trial 3* 
Trial 2 





———_——_ Dried 
Dried Ensiled Dried  Ensiled _ ensiled 
shelled shelled shelled shelled shelled 

Treatment corn r corn corn corn 





Lot no. jand4 2and5 3and6 
No. lambs 28 28 

Average initial weight, Ib. ‘ : 75.4 78.0 

Average daily gain, Ib. ; ; 0.35 0.32 

Days fed 70 70 


Dry matter intake per day, lb. 
Shelled corn 
Hay 
Soybean oil meal 
Total 


Dry matter per pound gain, lb. 
Shelled corn 
Hay 
Soybean oil meal 
Total 





® Replicate averages for lots indicated. 


for those on dried ensiled shelled corn. However, the variation in efficiency 
of dry matter utilization between replicates was high and as a result the 
differences among treatments in this respect are not meaningful. 

Carcass grades determined by a government grader revealed essentially 
no difference in average grade among treatments. All lambs graded from 
low good to high choice. 

Microbiological analysis of the ensiled corn and of the dried ensiled 
corn revealed that the number of aerobic bacteria, yeasts, and molds was 
much higher in the ensiled type corn (table 4). 


TABLE 4. MICROBIOLOGICAL ANALYSIS OF THE ENSILED CORN AND 
THE DRIED ENSILED CORN FED IN TRIAL 3 








Type of corn Aerobic bacteria Yeasts Molds 





No. per gram of corn as fed 


Ensiled 10,000,000 25,200,000 600,000 
Dried ensiled 2,800,000 1,100,000 0 





Summary and Conclusions 


Three trials involving 175 feeder lambs were conducted to determine 
the relative value of ensiled ground ear corn and ensiled shelled corn as 
a concentrate for fattening lambs. In addition, an attempt was made to 
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determine the “effects” of drying and ensiling on the feeding value of 
both types of corn. 

Neither shelled corn nor ground ear corn had an increased nutritive 
value for feeder lambs when it was ensiled. Ensiling corn which was already 
dried did not cause any significant change in its nutritive value as meas- 
ured by lamb growth response. Apparently the ensiling of ground ear corn 
does not cause an appreciable change in the utilization of the cob portion 
by lambs. 

The difference in chemical composition of the dry matter of dried corn 
and ensiled corn is not clearly shown. Microbiological analysis of the two 
types of ensiled corn revealed that drying reduced appreciably the number 
of bacteria, yeasts and molds. 
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WHOLE PLANT AND GROUND EAR CORN SILAGES, THEIR 
ACID CONTENT, FEEDING VALUE AND DIGESTIBILITY ! 


EARLE W. KLOSTERMAN, RONALD R. JOHNSON, HARoLp W. Scott, 
A. L. Moxon AND JACK VAN STAVERN 


Ohio Agricultural Experiment Station, Wooster 


ye TARED corn silage has long been known to have a high feeding 

value for fattening cattle and sheep. Its value for these classes has 
been higher than would be estimated from its proximate analysis (Morri- 
son, 1956). The process of ensiling corn and meadow crops is character- 
ized by the fermentation of carbohydrates to form organic acids, primarily 
acetic and lactic (Barnett, 1954). Feeding trials with lambs (Bentley 
et al., 1956) have shown that certain organic acids have a high feed 
replacement value, especially lactic acid. 

Rusk and Snapp (1928) and Snapp (1939) have reported a high value 
for ear corn silage when fed to fattening cattle. More recently, Beeson et al. 
(1956, 1957), Culbertson et al. (1957) and Beeson and Perry (1958) 
have shown the dry matter of high-moisture corn stored in silos to be 
utilized more efficiently than that in dry corn. No determinations of the 
organic acid content of these silages have been reported. 

The purposes of the experiments reported here were: (1) to determine 
the organic acid content of high-moisture shelled and ear corn stored in 
conventional silos, (2) to study the feeding value of lactic acid for fat- 
tening steers, (3) to determine possible means of increasing organic acid 
production in whole plant and ground ear corn during ensiling and (4) to 
compare the feeding value and digestibility of control and treated whole 
plant and ear corn silages. 


Procedure 


To meet the first objective of these experiments samples of shelled and 
ear corn stored in silos and fed to cattle in northwestern Ohio were 
obtained. Two samples were obtained from concrete-stave silos, one from 
a steel silo and one from an air-tight, glass-lined silo. The samples were 
collected in plastic bags and kept under refrigeration until analyzed. 

To study possible means of increasing organic acid production during 
ensiling, laboratory experiments were conducted with three-gallon glass 
jars fitted with tight screw caps. The jars were filled with carbon dioxide 
gas to displace the air prior to filling. The additives used were mixed with 
the material to be ensiled which was then firmly packed in the jars by 
hand. The jars were sealed and allowed to stand at room temperature for 
3 to 6 months. Duplicate jars were filled for each treatment. Whole plant 


1 Published with the approval of the Associate Director as Journal Article No. 76-59. 
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material, chopped by a field cutter, was put in the jars at the same time 
conventional silos were being filled. High-moisture ear corn was prepared 
by mixing water in the desired amounts with air-dry ground ear corn. 
The additives studied included corn distillers’ dried solubles, technical 
grade calcium carbonate, pulverized dolomitic limestone, a dried molasses 
product-—“Omalass”’ and various levels of water. 

The silages used in the feeding and digestion experiments were stored 
in conventional silos. The control whole plant corn was ensiled in a steel 
silo and the limestone treated silage in a concrete-stave silo. The corn 
used was well-eared, well-matured, hybrid corn which would have yielded 
approximately 90 bushels of shelled corn per acre. Ear corn silages were 
made from similar corn. The corn was picked with a standard picker which 
removed most of the husks. It was ground through a power take-off burr 
mill which was set to crush practically all of the kernels. Limestone was 
added to alternate loads. The control and treated materials were ensiled 
in the same concrete-stave silo which was divided by a large sheet of 
plastic in the middle of the silo. Ear corn from the same field was picked 
at the same time and artificially dried. One percent of pulverized dolomitic 
limestone containing (guarantee) 21.5% Ca and 12.4% Mg was added 
to the treated whole plant and ground ear corn silages. 

The entire amount of material ensiled in the jars was sub-sampled for 
analysis. Silages from the conventional silos were sampled weekly at the 
time they were being weighed to the cattle. Organic acid determinations 
were made from liquid expressed from the silages by a laboratory hydraulic 
press. With a few of the drier shelled and ear corn silages it was necessary 
to homogenize the samples with a known amount of water in order to 
obtain sufficient liquid for analysis. Acetic and lactic acid contents in the 
silage expressates or extracts were determined by chromatographic sep- 
aration on a silica gel column, using the method of Bulen e¢ al. (1952) as 
modified by Linke (1952). : 

Cattle used in the first feeding experiment were choice quality steers 
which had been fed a fattening ration for 126 days and had been implanted 
with 36 mg. of stilbestrol per head at the start of the feeding period. They 
were assigned to lots at random within weight groups. Six lots of seven 
steers each were fed the same ration except that a small amount of 44% 
technical grade lactic acid was mixed with the ground ear corn fed to 
three of the lots. Measured amounts of the lactic acid were mixed with 
ground ear corn in a small spiral mixer. All lots were fed a specified amount 
of solvent extracted soybean oil meal and mixed clover-timothy hay. They 
were hand-full-fed ground ear corn and allowed free access to salt and 
to a mineral mixture of two parts steamed bone meal, two parts pulverized 
limestone and one part salt. Average daily rations as consumed are given 
in table 2. In this table, the amount of lactic acid listed has been converted 
from the 44% basis to 100% lactic acid. 

Triplicate lots of seven Hereford steers each were fed each of three 
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rations in the second feeding experiment. Choice grade Hereford steers 
implanted with 36 mg. of stilbestrol per head were assigned to lots at 
random within weight groups. In addition to comparing the feeding value 
of limestone treated and untreated corn silage a comparison was made 
between solvent extracted soybean oil meal and corn gluten feed as 
protein supplements. This experiment was continued for 84 days. Average 
daily rations as consumed are given in table 5. 

At the close of the whole-plant corn silage feeding experiment the 
steers were reallotted on the basis of weight and gain made during the 
first 84 days. Average daily rations are listed in table 6. The mineral sup- 
plement fed with the limestone-treated whole plant silage, table 5, and 
limestone-treated ear corn silage, table 6, consisted of four parts steamed 
bone meal and one part salt. The mineral mixture fed to the other lots 
in these two experiments contained two parts ground limestone, two parts 
steamed bone meal and one part salt. 

Digestion experiments were conducted with wether lambs to determine 
the effect of added limestone upon the digestibility of the rations fed. 
Seven-day preliminary and seven-day collection periods were used. Rations 
fed included the same feeds in similar proportions to those fed in the 
cattle feeding experiments. To study the effect of limestone upon digesti- 
bility of whole plant corn silage, four lambs were used in a reversal experi- 
ment in which two lambs were fed each of the treated and untreated 
silages in two periods. In the second experiment a latin square design was 


used to compare four rations during four periods with one lamb fed each 
ration during each period. The four rations included treated and untreated 
ear corn silages, dry ear corn and dry ear corn plus ground limestone to 
equal the amount included in the treated ear corn silage. Analysis of 
feeds and feces were by standard A.O.A.C. procedures except that cellulose 
was determined by the Crampton and Maynard (1938) method. 


Results and Discussion 


Analysis of Various Corn Silages. Analysis of various types of corn 
silage obtained from conventional silos are presented in table 1. These 
results show that high-moisture shelled corn and ear corn undergo a cer- 
tain amount of fermentation in storage with the production of acetic and 
lactic acids. The amounts, however, are somewhat lower than in regular 
whole-plant corn silage. These analyses suggest that, on a dry matter 
basis, the amounts of acetic and lactic acids produced were directly related 
to the moisture content of the material ensiled. 

Feeding Value of Lactic Acid. In order to study the possible feeding 
value of the organic acids present in corn silage, a cattle feeding experiment 
was conducted with lactic acid, the predominant acid in silage. Results 
of this experiment are presented in table 2. There were no significant 
differences in the performance of steers fed ground ear corn with or without 
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TABLE 1. ORGANIC ACID CONTENT OF CORN SILAGE SAMPLES OBTAINED 
FROM CONVENTIONAL SILOS 








Percent acid on 
dry-matter basis 
Percent = 
Type of corn silage moisture Acetic Lactic 





Shelled : $2.2 0.19 1.23 
Shelled . 29.1 0.14 0.84 
Ground ear ; 52.7 0.63 3.22 
Chopped ear , 42.0 0.41 2.08 
Whole plant ’ 68.8 0.96 6.26 





added lactic acid. However, the amount of lactic acid fed was relatively 
small as compared to the amount which would normally be present in a 
liberal feed of whole-plant corn silage. An observation of interest made 
during this experiment was that the feces of cattle fed lactic acid tended 
to be of softer consistency approximating that of cattle fed corn silage. 
Although the differences were small, the results obtained favored slightly 
the cattle fed lactic acid and, per 100 lb. of gain, 1 lb. of lactic acid 
replaced 2.8 lb. of other feeds. These results, although not conclusive, 
encouraged further investigations on methods of increasing the organic 
acid content of corn silages and their feeding value for fattening cattle. 


TABLE 2. FEEDING VALUE OF LACTIC ACID FOR FATTENING STEERS 
(Experiment I, 1958) 








Ration designation Control Lactic acid 





Number of steers 21 21 
Average wt., April 15, lb. 857 867 
Average wt., July 14, Ib. 1053 1066 
Average daily gain, 90 days, Ib. ‘ 2.18 


Average daily ration: 
Ground ear corn, lb. 
Soybean oil meal, lb. 
Hay, lb. 

Lactic acid, Ib. 
Salt, oz. 
Minerals, oz. 


Feed per cwt. gain, lb.: 
Ground ear corn 
Soybean oil meal 
Hay 
Lactic acid 
Salt 
Minerals 

Carcass grade factor* 

Dressing percentage 





® Low choice, 10; average choice, 11. 
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Methods of Increasing the Acid Content of Corn Silages. The results 
of a number of laboratory experiments with whole-plant corn and ground 
ear corn ensiled in jars with various additives are presented in table 3. 
Corn distillers’ dried solubles were added as a possible stimulant to 
fermentation. Calcium carbonate was added to neutralize acidity, with 
the possibility that additional acids might be produced, and dried molasses 
was added as a source of additional sugars. In one experiment 5% water 
was added to the whole plant corn and in another different amounts of 
water were added to ground ear corn. 


TABLE 3. EFFECT OF CERTAIN ADDITIVES UPON THE ORGANIC ACID 
T OF CORN SILAGES ENSILED IN GLASS JARS 








Percent acid on 
dry-matter basis 


Percent — 
Additive pH moisture Acetic Lactic 





Chopped whole plant corn 
September, 1957: 
Control S. a2. 
1% distillers’ solubles Si 70. 
1% calcium carbonate 4, 73; 
1% distillers’ solubles and 
1% calcium carbonate 


September, 1958: 

Control 

5% water 

1% limestone 

2% limestone 

1% limestone and 
5% dried molasses 

1% limestone and 5% water 

2% limestone and 5% water 

1% limestone, 5% water and 
5% dried molasses 4.0 


Prepared ground ear corn* 
February, 1958: 
Control ara on 
1% calcium carbonate ae 34. 
Control cae 43. 
1% calcium carbonate ee 43. 


February, 1959: 

Control 

0.5% calcium carbonate 

1% calcium carbonate 

2.5% dried molasses 

5% dried molasses 

1% calcium carbonate and 
5% dried mclasses 





® Prepared by addition of water to air-dry ground ear corn. 
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TABLE 4. EFFECT OF THE ADDITION OF DOLOMITIC LIMESTONE PRIOR 
TO ENSILING UPON THE ORGANIC ACID CONTENT OF CORN 
SILAGES IN CONCRETE-STAVE SILOS 








Percent acid on 

dry-matter basis 

Number Percent 

Silage of samples moisture Acetic Lactic 








Whole plant: 
Control 10 
1% limestone 10 


Ground ear corn: 
Control 15 
1% limestone 15 





The most definite and consistent increase in both acetic and lactic acid 
production was brought about by the addition of 1% calcium carbonate 
to the ensiled material. In all cases where this additive was used the 
amounts of acid produced were practically doubled. Apparently, the 
calcium carbonate neutralized the acids as produced and fermentation 
continued longer or at a faster rate. 

The limestone used in the 1958 laboratory experiments with whole- 
plant corn was a dolomitic limestone, the same as used in the conventional 
silos for feeding experiments. The laboratory and conventional silos were 
filled at the same time with similar material. It will be noted in table 3 
that although the addition of this limestone increased acid production, 
the increase was not nearly as marked as had been obtained with calcium 
carbonate. The neutralizing power of the limestone was fully as high as 
calcium carbonate which would suggest that the high, 12.4%, magnesium 
content of the dolomitic limestone was detrimental. Two per cent limestone 
increased acid formation only very. slightly above the addition of 1% 
limestone. In the second experiment with ground ear corn acid production 
was less with 0.5% calcium carbonate than with 1%. 

The first laboratory experiment with ground ear corn showed a definite, 
direct relationship between moisture content and acid production. Increas- 
ing the amount of moisture in the ensiled material by 10% brought about 
a definite increase in lactic acid either with or without added calcium 
carbonate. Five percent water added to the high-moisture, whole-plant 
corn had little effect on the final moisture content of the silage and 
increased acid production only slightly. 

Five percent dried molasses added to whole-plant corn increased lactic 
acid from an average of 8.4% to 11.0%, on the dry basis, but did not 
effect the formation of acetic acid. When added to ground ear corn, dried 
molasses had little apparent effect on acid production. 

Analyses of whole-plant and ground ear corn silages made with and 
without the addition of 1% dolomitic limestone in conventional silos are 
listed in table 4. It will be noted that the increase in acid production from 
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the addition of limestone under these conditions was very similar to that 
obtained in glass jars. The analyses presented in table 4 are averages 
of weekly samples taken during the feeding experiments. 

Feeding Value of Limestone Treated and Untreated Corn Silages. Re- 
sults of the cattle feeding experiment in which limestone treated and 


TABLE 5. FEED LOT PERFORMANCE OF STEERS FED LIMESTONE 
TREATED CORN SILAGE OR UNTREATED SILAGE WITH 
SOYBEAN OIL MEAL OR CORN GLUTEN FEED AS 
THE PROTEIN SUPPLEMENT 


(Experiment II, 1958-59) 








Control silage 





Treated silage 





Silage and supplement Soybean meal Soybean meal Gluten feed 
Number of steers 21 21 21 
Av. wt., November 25, Ib. 603 603 607 
Av. wt., February 17, Ib. 801 800 799 
Av. daily gain, 84 days, lb. 2.32 2.35 2.29 
Av. daily ration: 

Ground ear corn, lb. LS. 1.5 Ape 

Corn gluten feed, Ib. Kos, ets 3.0 

Soybean oil meal, Ib. 1.9 1.9 0.4 

Corn silage, lb. 33.8 32.4 32.8 

Silage dry matter, lb. (9.56) (9.96) (10.09) 

Ground limestone, Ib. 0.3 PER ee 

Hay, ib. 2 12 1.2 

Salt, oz. 0.4 0.4 0.4 

Minerals, oz. 1.6 1.5 1:1 
Feed per cwt. gain, lb.: 

Ground ear corn 65 64 eis 

Corn gluten feed as os 131 

Soybean oil meal 80 79 15 

Corn silage 1454 1378 1431 

Silage dry matter (410) (424) (440) 

Ground limestone 15 apd 3% 

Hay 50 49 Si 

Salt ) 1.3 7 

Minerals 4.3 4.0 3.8 





untreated whole-plant corn silages were compared are presented in table 5. 
These are average results of three lots of seven steers fed each ration. 
There was very little difference in average daily gain of steers fed the 
treated silage with soybean oil meal, untreated silage with soybean oil 
meal or untreated silage with corn gluten feed. If the limestone included 
in the treated silage is added to the silage dry matter there was little 
difference in amount of feed required per 100 lb. of gain. However, if 
limestone, which supplies no energy, is subtracted from the silage dry 
matter, as has been done in table 5, there appears to have been slightly 
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less silage required per unit of gain by the steers fed the treated silage. 
These steers required about 8% less silage dry matter per 100 lb. gain than 
the average of the six lots fed the untreated silage. 

When fed at levels to supply similar amounts of protein, there was 
little difference in value between soybean oil meal and corn gluten feed 


TABLE 6. AVERAGE RESULTS OF THREE LOTS OF STEERS FED EACH OF 
LIMESTONE TREATED EAR CORN SILAGE, UNTREATED EAR CORN 
SILAGE OR DRY EAR CORN 


(Experiment III, 1959) 











Treated Control 

Ration designation ear corn silage ear corn silage Dry ear corn 
Number of steers 21 21 21 
Av. wt., February 24, lb. 814 816 812 
Av. wt., July 7, Ib. 1102 1102 1084 
Av. daily gain, 119 days, lb. AES | 2.15 2.04 
Av. daily ration: 

Ear corn silage, lb. 24.0 24.2 

Ground limestone, Ib. 0.2 an a 

Dry ear corn, lb. (14.6) * (14.7) * 16.4 

Soybean oil meal, Ib. 1.5 135 4.5 

Mixed hay, lb. 2.0 2:0 2.0 

Salt, oz. 0.5 0.3 0.4 

Minerals, oz. C.F 0.6 0.5 
Feed per cwt. gain, lb.: 

Ear corn silage 1107 1127 

Ground limestone 11 ere saa 

Dry ear corn (668) * (685) * 803 

Soybean oil meal 69 70 73 

Mixed hay 92 93 98 

Salt 1 1 1 

Minerals 2 2 2 
Carcass grade factor” 10.6 11.0 9.8 
Dressing percentage 62.1 61.2 61.7 





® Ear corn silage converted to same dry matter basis as dry ear corn, 88.4% 
» High good, 9; low choice, 10; average choice, 11. 


as protein supplements to a ration containing large amounts of whole- 
plant corn silage. 

At the close of the whole-plant silage feeding experiment the nine lots 
of steers were reallotted on the basis of body weight and gain made. Three 
lots of seven Hereford steers were fed each of the control and treated ear 
corn silages or dry ear corn for a 119-day period. Results obtained are 
presented in table 6. 

There was little difference in rate of gain of steers fed either of the 
ear corn silages; however, both of these groups gained slightly, but not 
significantly, faster than those fed the dry ear corn and no silage. Even 
though they gained slightly faster, the steers fed ear corn silage ate, on 
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the dry corn basis, nearly 2 lb. less corn per head, daily. These increased 
gains and lower consumption resulted in a considerable saving in corn 
required per 100 Ib. gain. The steers fed ear corn as silage required 15% 
less corn (dry basis) per unit of gain than those fed the dry corn. It will 
also be noted that their carcass grades were slightly higher. 

Results were much the same whether steers were fed limestone treated 
or control ear corn silages. If the added limestone is not included, the 
amount of corn, on the dry basis, required per 100 Ib. of gain was slightly 
less when the treated silage was fed. This difference, however, was less 
than 3% and was not significant. Any increase in feeding value as a result 
of the small increase in organic acids, 0.15 lb. per head daily of acetic 
and lactic acids combined, would undoubtedly be difficult to measure. 


TABLE 7. EFFECT OF DOLOMITIC LIMESTONE UPON DIGESTIBILITY OF 
CORN SILAGES AND DRY EAR CORN 








Digestibility of 





Organic Crude Ether 
No.of matter, Cellulose, fiber, Protein, extract, 
Ration animals % % % % % 





Experiment I, Whole plant 
corn silage: 
Control : 67.1 
Silage plus 1% limestone 3 67.4 


Experiment II, Ear corn: 
Dry ear corn 4 77.9 ‘ s 67.1 
Dry ear corn plus limestone 4 77.8 ; 66.9 
Ear corn silage 4 78.9 5 34: 60.9 
4 : 67.7 


Ear corn silage plus 1% limestone $1.1 7 





* Significantly lower than other three rations fed (P<.05). 


It is also possible that force-feeding relatively large amounts of calcium 
and magnesium in the form of dolomitic limestone may have had a 
deleterious effect upon the utilization of the ration fed. Colovos et al. 
(1958) reported that the addition of pulverized limestone to rations for 
dairy heifers reduced the digestibility of protein and energy. 

Digestibility of Rations Fed. Results of these experiments are given in 
table 7. 

In the first digestion experiment, one lamb was erratic in amount of 
feed eaten and hence the results obtained with this lamb are not included 
in the results presented. There were no significant differences in digestibility 
of organic matter, cellulose, crude fiber, protein or ether extract between 
rations which included limestone treated or untreated whole-plant corn 
silage. There was no indication that the 1% added limestone had any 
depressing effect upon the digestibility of these ration components. 

Statistical analysis of results obtained in the second experiment indi- 
cated that the digestibility of ether extract in the dry ear corn ration with 
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added limestone was significantly lower than in the three other rations 
fed. None of the other differences between rations were statistically sig- 
nificant. Digestion coefficients of the ration which included ear corn 
silage with 1% limestone were fully as high as obtained with the rations 
which did not include dolomitic limestone. Results of these experiments 
indicate that the addition of 1% pulverized dolomitic limestone to whole- 
plant or ground ear corn at the time of ensiling did not decrease their 
digestibility. 


Discussion. 


Results of these experiments suggest that the high feeding value of 
whole-plant and ground ear corn silages for fattening cattle may be 
related to their content of organic acids. These fermentation products 
are similar to those produced in the rumen of cattle fed fattening rations. 
The relative efficiency of these fermentations as they occur in the silo or 
in the rumen is not known. If the efficiency of conversion to organic acids 
is greater in the ensiling process than in the rumen, then this conversion 
prior to ingestion by the animal would increase the overall efficiency of 
conversion of corn dry matter to the end products of rumen fermentation. 
Although methods of increasing the acetic and lactic acid content of corn 
silages have been presented, results of the feeding experiments conducted 
were not conclusive of an increased feeding value. Results presented by 
Ensor et al. (1959) suggest the importance of the relative proportions of 
volatile fatty acids produced in the rumen upon efficiency of body weight 
gains. Hershberger et al. (1956) at this Station have shown that lactate 
was converted primarily to propionic acid in in vitro rumen fermentations. 


Summary 


Samples of high-moisture shelled and ground ear corn stored in con- 
ventional silos were found to contain significant amounts of acetic and 
lactic acids. A feeding experiment with triplicate lots of seven steers each 
showed that 1 Ib. of lactic acid, fed as 44% technical grade lactic acid, 
replaced 2.8 Ib. of other feeds in a fattening ration for cattle. 

Laboratory experiments with whole-plant and ground ear corn ensiled 
in glass jars showed that the acetic and lactic acid contents of the resultant 
silages were directly related to the moisture content of the material ensiled. 
Acid production during ensiling was increased approximately 100% by the 
addition of 1% calcium carbonate. 

Addition of 1% dolomitic limestone to whole-plant corn ensiled in con- 
ventional silos increased acid production by 40%. Steers fed the treated 
silage tended to require slightly less silage dry matter per unit of gain 
than those fed the untreated. 

Ear corn was picked when the whole ears contained 46% moisture. One- 
third was ground through a burr mill and ensiled, one-third was ground 
and ensiled with 1% dolomitic limestone and one-third was artificially 
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dried. Steers fed the treated or untreated ear corn silage gained slightly 
faster and required, on the dry corn basis, 15% less corn per 100 lb. 
gain than those fed the dry corn. 

Digestion experiments with wether lambs showed that addition of lime- 
stone did not decrease the digestibility of organic matter, cellulose, crude 
fiber, protein or ether extract of the whole-plant or ground ear corn 
silages. 
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EFFECT OF FEEDING DIFFERENT TRANQUILIZERS IN COM- 
BINATION WITH IMPLANTED DIETHYLSTILBESTROL OR 
ORAL ANTIBIOTIC ON FATTENING BEEF STEERS ?:? 


T. W. Perry, M. T. MOHLER AND W. M. BEESON 


Purdue University, Agricultural Experiment Station, Lafayette, Indiana 


URING the past decade a number of pharmaceuticals have been fed 
or in other ways administered to farm animals under experimental 
conditions. Some of the pharmaceuticals that have been tested include 
the male and female sex hormones—or hormone-like substances—antibi- 
otics, goitrogens, thryoxin-like materials and surface active agents. Drugs 
classed as tranquilizers represent still another group that is being tested 
currently. Sherman e¢ al. (1958, 1959) have reported from 6 to 12% in- 
crease in rate of gain and from 4.8 to 9.2% increase in feed efficiency 
from feeding the tranquilizer hydroxyzine to beef cattle. Similarly, ground 
Rauwolfia vomitoria root and reserpine were effective in stimulating the 
rate of gain. 
A series of three steer fattening trials reported in this paper was designed 
to study the following: (1) the value of several tranquilizers for fattening 
beef steers, (2) optimum levels of feeding tranquilizers, and (3) synergism 


between tranquilizers and implanted diethylstilbestrol (DES), oral anti- 
biotic, and a combination of implanted DES and antibiotic. 


Experimental 


Experiment I. Seventy-two Hereford steer calves from Oklahoma were 
divided into 12 lots of 6 steers each on the basis of liveweight and apparent 
thrift. The average starting weight was 520 lb. All lots were fed a fattening 
ration consisting of ground ear corn, full-feed; Purdue Supplement A, 2.0 
Ib.; oat silage, 12.0 lb.; minerals, free choice. In a factorial design, 6 of 
the 12 lots of steers were implanted with 36 mg. diethylstilbestrol and 
were fed 80 mg. oxytetracycline per head daily. The six oral tranquilizer 
treatments were: control; 60 mcg. reserpine; 25 mg. Rauwolfia vomitoria; 
1.25 mg. hydroxyzine; 2.50 mg. hydroxyzine and 5.0 mg. hydroxyzine per 
head per day, respectively. 

Experiment II. Seventy-two Hereford steer calves from Colorado av- 
eraging 433 lb. were divided into 12 lots of 6 steers each. The daily fat- 
tening ration consisted of a full-feed of ground shelled corn, 2 lb. Purdue 
Supplement A,*? 15 Ib. corn silage and free-choice minerals. All steers were 

1 Contribution from the Department of Animal Science, Journal Paper No. 1512. 

2 Supported in part by grants from Chas. Pfizer and Co., Terre Haute, Indiana; Ciba Pharmaceuticals, 
Inc., Summit, New Jersey; and Smith, Kline and French Laboratories, Philadelphia, Pennsylvania. 

8 Formula for Purdue Supplement A is as follows: Soybean meal, 650.5 Ib.; blackstrap molasses, 


140 lb.; dehydrated alfalfa meal, 140 lb.; bonemeal, 52 lb.; cobalt salt, 17 lb.; vitamin A and D 
concentrate, 0.5 Ib. 
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TABLE 1. RESPONSE OF STEERS TO TRANQUILIZERS FED WITH AND 
WITHOUT A STILBESTROL IMPLANT PLUS OXYTETRACYCLINE 


(Experiment I, October 22, 1957—July 7, 1958. 258 days) 








Federal 
Initial Daily Daily Feed/100 carcass 
Lot Treatment wt.,lb. gain, Ib. — feed, Ib. Ib. gain, lb. grades* 





No antibiotic—No hormone 


1 Control 517 i 913 6G 
2 60 ug. reserpine 519 1; 924 3Ch; 2G 
3 25 mg. Rauwolfia 520 1; : 950 3Ch; 3G 
4 1.25 mg. hydroxyzine 523 is : 928 4Ch; 2G 
5 2.50 mg. hydroxyzine 528 i. 948 1Ch; 4G 
6 5.00 mg. hydroxyzine 527 1; 914 3Ch; 2G 
Av. of lots 1-6 522 1. 929 14Ch; 19G 


Stilbestrol implant (36 mg.)+oxytetracycline (80 mg. per day) 


Control 521 1.97 e 986 6G 
60 ug. reserpine 521 .10 ‘ 974 2Ch; 4G 
25 mg. Rauwolfia 515 .09 ; 979 2Ch; 4G 
1.25 mg. hydroxyzine 525 2.04 : 991 1Ch; 5G 
2.50 mg. hydroxyzine 516 on” ; 923 2Ch; 3G 
5.00 mg. hydroxyzine 523 .99 : 998 6G 
Av. of lots 7-12 520 .08 y 976 7Ch ; 28G 
a Ch=choice; G=good. 


>» 1% significance—11 over 1, 2, 3, 4, 6 and 7. 
5%significance—11 over 10 and 12. 





TABLE 2. RESPONSE OF STILBESTROL—IMPLANTED STEERS TO 
TRANQUILIZERS FED IN DIFFERENT AMOUNTS 


(Experiment II, November 19, 1958—July 27, 1959. 250 days) 








Lots 5and Lots 6 and 
Lots 1 Lots 2 and Lots3 and Lots4and 11,2.5 mg. 12, 5.0 mg. 
and 7, 8, 2.5 mg. 9, 1 mg. 10, 2 mg. trifluo- trifluo- 
Lot treatments control hydroxyzine reserpine reserpine meprazine meprazine 





No. of steers 12 12 11 12 12 12 


Growth data 
Weight, Nov. 19, lb. 433 428 
Weight, July 27, lb. 1040 1039 
Total gain, lb. 607 611 
Daily gain, lb. 2.43 2.44 


Daily feed 


Gr. sh. corn, lb. 10.12 10.65 
Supplement A, Ib. ‘ 2.00 2.00 
Corn silage, Ib. 18.26 18.24 


Feed per 100 pounds gain 
Gr. sh. corn, lb. : 417 436 
Supplement A, Ib. 82 82 
Corn silage, lb. 753 747 
Federal carcass grades 


Choice 4 2 
Good 8 7 
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implanted with 36 mg. DES at the start of the experiment. The six repli- 
cated treatments of oral tranquilizers were: control; 2.5 mg. hydroxyzine; 
1 mg. reserpine; 2 mg. reserpine; 2.5 mg. trifluomeprazine; and 5.0 mg. 
trifluomeprazine per head per day, respectively. 

Experiment III. Seventy-two Hereford steer calves from Colorado av- 
eraging 525 lb. were divided into 12 lots of 6 steers each. A full-feed of 
ground shelled corn, 2 lb. Purdue Supplement A, 15 lb. corn silage and 
free-choice minerals comprised the fattening ration. Six of the 12 lots were 
fed 80 mg. of chlortetracycline per head daily and the other 6 lots were 
fed 80 mg. oxytetracycline per head daily. The six treatments of oral 


TABLE 3. RESPONSE OF STEERS TO TRANQUILIZERS FED WITH 
ANTIBIOTICS * 


(Experiment III, February 11, 1959-May 20, 1959. 98 days) 








Lots 5 and Lots 6 and 
Lots 1 Lots 2 and Lots3 and Lots4and 11,5.0 mg. 12,10.0mg. 
and 7, 8, 2.5 mg. 9, 1 mg. 10, 2 mg. trifluo- trifluo- 
Lot treatments control hydroxyzine reserpine reserpine meprazine meprazine 





No. of steers 11 12 12 12 12 12 


Growth data 
Weight, Nov. 19, lb. 523 526 
Weight, May 20, lb. 772 764 
Total gain, lb. 249 238 
Daily gain, lb. ; 2.54 2.43 


Daily feed 
Gr. shelled corn, lb. 8,3: 8.53 8.67 8. j 8. 
Supplement A, Ib. ai 2.00 2.00 Pe ; 3. 
Corn silage, Ib. a7; 17.83 17.72 cg , ye 


Feed per 100 pounds gain 
Gr. shelled corn, lb. 325 336 358 346 338 340 


Supplement A, Ib. 76 79 82 82 84 80 
Corn silage, Ib. 677 702 731 729 740 716 





“In each treatment group six steers received 80 mg. of chlortetracycline per day and the others 
received 80 mg. of oxytetracycline. 


tranquilizers were: control; 2.5 mg. hydroxyzine; 1.0 mg. reserpine; 2.0 
mg. reserpine; 5.0 mg. trifluomeprazine; and 10.0 mg. trifluomeprazine per 
head per day, respectively. In this trial the cattle were not marketed but 
assigned to another experiment; therefore, no carcass data were available. 


Results and Discussion 


Under the conditions of the three experiments reported in this paper, no 
consistent beneficial effects on growth, feed efficiency or carcass quality 
were obtained from the feeding of four sources of tranquilizers (reserpine, 
Rauwolfia vomitoria, hydroxyzine and trifluomeprazine. Different levels 
were compared with three of the four tranquilizers tested but no consistent 
differences were obtained. In Experiment I, a highly significant increase 
in rate of gain was obtained by the feeding of 2.5 mg. of hydroxyzine to 
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cattle implanted with 36 mg. of DES and which were being fed 80 mg. of 
oxytetracycline per head daily. However, in subsequent trials (Experiments 
II and III) no apparent benefit was obtained from feeding 2.5 mg. hy- 
droxyzine to cattle that had been implanted with 36 mg. of DES (Experi- 
ment II) or that were being fed 80 mg. of either oxytetracycline or 
chlortetracycline per head daily (Experiment III). 

The results reported in this paper are quite in agreement with the results 
from several research groups. Cartwright (1958) reported the feeding of 
5 to 10 mg. of hydroxyzine to Brahman type heifers and bulls improved 
their gains slightly but not significantly. It was observed that these cattle 
were very nervous. Koch e¢ al. (1958) obtained no significant benefit from 
feeding 1.5 mg. hydroxyzine to steer calves being fed a wintering ration 
to gain approximately 1.5 lb. per day. Bradley e¢ al. (1959) reported no 
increase in the rate of gain of fattening yearlings by the feeding of 5 mg. 
hydroxyzine in accompaniment with 80 mg. oxytetracycline per head daily. 
Burroughs et al. (1959) reported no beneficial effects from the feeding of 
5 mg. hydroxyzine per day to heavy (844 Ib. at the start) fattening cattle 
which were being fed diethylstilbestrol, and Matsushima et al. (1959) 
reported similar results from feeding 20 mg. tranquilizer per day to fat- 
tening calves being fed diethylstilbestrol. Thomas (1959) reported no 
benefit from feeding 2.5 mg. of a tranquilizer to heifers being fed a 
wintering ration. 

In contrast, Sherman e¢ al. (1958, 1959) reported increases in rate of 
gain (6 to 12%) and in feed efficiency (4.8 to 9.2%) from feeding the 
tranquilizer, hydroxyzine, to beef cattle. Similarly, ground Rauwolfia 
vomitoria root and reserpine were effective in stimulating the rate of gain. 
The Oklahoma Station (Pope e¢ al., 1958) obtained a 4% increase in rate 
of gain from feeding from 1 to 5 mg. hydroxyzine per head daily to fat- 
tening steer calves. Ralston (1959) fed four levels of hydroxyzine (2.5, 
12.5, 62.5 and 312.5 mg. per head daily); feeding either 2.5 or 12.5 mg. 
per day resulted in an apparent 18% increase in rate of gain, whereas the 
other two levels resulted in no improvement. However, the number of 
animals per treatment was so small that differences were not statistically 
significant. 

The use of the tranquilizer, trifluomeprazine, in beef cattle rations has 
given essentially the same results. Whereas in one trial the Michigan work- 
ers (Henderson e¢ al., 1959) obtained statistically significant increases in 
the rate of gain of calves from feeding either 5 mg. or 25 mg. trifluo- 
meprazine, no effect was obtained from feeding 5 mg. per day in a second 
trial. The University of Kentucky research (Bradley et al., 1959) showed 
no growth advantage from feeding 2.5 mg., 5.0 mg. or 10 mg. trifluomepra- 
zine per day to fattening short yearlings. The Iowa Station (Burroughs 
et al., 1959) reported no consistent benefit from incorporating 5, 10 or 
20 mg. trifluomeprazine into the daily ration of fattening steers weighing 
746 lb. at the start. 
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Summary 


The results from three experiments designed to study the value of adding 
tranquilizers to the rations of fattening beef steers are reported. One level 
of hydroxyzine (2.5 mg. per head daily) was effective in stimulating the 
rate of gain of beef steers in one experiment in which steers were implanted 
with 36 mg. diethylstilbestrol and were being fed 80 mg. oxytetracycline 
per day. Except for this, no tranquilizer, at the level fed (Rauwolfia 
vomitoria, 25 mg. per day; reserpine, 60 mcg., 1 mg. or 2 mg.; hydroxyzine, 
1.25 mg., 2.5 mg. or 5.0 mg.; trifluomeprazine, 2.5 mg., 5.0 mg. or 10 mg.), 
resulted in increased rate of gain, improved feed efficiency or improved 
carcass quality. 

No consistent synergism was apparent between the tranquilizers tested 
and implanted diethylstilbestrol, oral oxytetracycline or diethy!stilbestrol 
and oxytetracycline in combination. 
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A NUTRITIVE VALUE INDEX FOR FORAGES ! 


E. W. CRAMPTON, E. DONEFER AND L. E. LLoyp 
Macdonald College * (McGill University), Canada 


HE search for a method of describing in numerical terms the “overall” 

nutritive value of feeds has resulted in voluminous biological and 
chemical research for many years in many experiment stations in many 
countries. Of all the 6000 feeds thus far studied, forages continue to 
present the greatest problem of a meaningful quantitative description of 
their nutritive value. 

With feeds of this category, yield of energy to the animal is usually 
the first limiting factor in their feeding value since, in most cases, when 
eaten as the entire diet their nutritive content is adequate for the quantity 
of useful energy they provide. Fifty percent or more of the potentially 
useful energy of forages may be found in the cellulose and hemicellulose 
fractions. For the digestion of these fractions to absorbable end products, 
ruminants are completely dependent on their rumen microflora. The proc- 
ess is one of fermentation that results in the disappearance from the rumen 
of those cellulosic parts of the ingesta that have been thus degraded. 

For many years digestion data have been used extensively in evaluating 
forages. The usefulness of quantitative digestion data, however, is limited 
because neither Total Digestible Nutrients nor the digestibility of Calories 
consistently describes the effective feeding value of forages as measured 
by the performance of animals subsisting thereon. One reason for this 
might be that measurements of the extent of digestibility do not depend 
on, or include consideration of, the total intake of the feed, a factor 
importantly concerned with the relative feeding value of forages. That 
there are factors which appear to be characteristic of specific roughages 
that limit voluntary consumption of them is common knowledge among 
cattle and sheep feeders. 

We first reported our studies of the relation between voluntary forage 
intake and relative feeding value at the 1956 AAAS Grasslands Symposium 
(the proceedings of which were published in 1959). Since that time we have 
accumulated further data which support and extend our original con- 
clusions, and from which we have formulated an hypothesis that the 
effective nutritive value of a forage is determined jointly by the level of 
its maximum voluntary intake when it constitutes the entire ration, and 
by the extent of its ultimate yield of digestible energy. It follows that 
an acceptable numerical index of nutritive value of forage must include 
some expression of each of these factors. To derive such an index requires 

1 Macdonald College Pasture Committee Series No. XXXIII. This research was assisted financially 


by the Quebec Provincial Research Council. 
2 Department of Nutrition. 
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data for the maximum daily intake and for the digestibility of the energy 
of a definable forage that is highly acceptable to the animals. 

The purpose of this study was to obtain such data, and from them to 
derive, if possible, a Nutritive Value Index for forages. 


Experimental 


To obtain appropriate data on the voluntary consumption and digestion 
of forages by sheep we carried out feeding trials in two consecutive years. 
In 1956 pure stands of Alfalfa, Red Clover, Birdsfoot Trefoil, Bromegrass 
and Timothy were harvested, cut in early-bloom stage, chopped (1—2”) 
and artificially dehydrated. Purebred, 18-month old Border Cheviot ewes 
were used to test the forages in a 55 Latin Square design. Each feeding 
period was of 21 days duration, the first 10 days of which constituted a 
preliminary period, while the final 11 days were used to determine vol- 
untary consumption and forage digestibility. Forages were fed daily at 
a level 10% in excess of the previous day’s consumption in order to 
guarantee ad libitum intake. In 1957, early bloom and full bloom cuttings 
of both Red Clover and Timothy hay were harvested and fed to purebred, 
8-month old Border Cheviot ewe lambs in a 44 Latin Square design. 
Experimental procedures were similar to those above described. Repre- 
sentative samples of all forages were collected during the in vivo trials 
for subsequent in vitro digestion. 


Results 


Standard Forage Intake. These feeding trials confirmed our previous 
experience (Crampton, 1957) that sheep will voluntarily consume greater 
amounts daily of early-cut, chopped, dehydrated legume hay, than of any 
other of the dry forages we have fed in this physical form. Accordingly, 
forage of this description was designated as our Standard Forage. 

The voluntary intake of such forage was, of course, related in part to 
size of animal. To be useful as a standard, intake must be stated in terms 
that are applicable to animals of different sizes. 

Table 1 gives pertinent data on the size of the sheep and on their 
intake of the feeds we have used as the basis for our Standard Forage. It 
is of interest that the 20% variation in dry matter intake compares so 
closely with 21% mentioned by McCullough (1959) for cattle. The 
variation in average weight of the sheep of 22% covers individuals from 
25.9 to 49.3 kg. (52 to 109 Ib.) in weight, and includes lambs and yearling 
sheep of normal fleshing. 

One way of minimizing the effects of size differences in describing feed 
intake by animals is to use as the measure, intake per 100 lb. of body 
weight. When this is done the variation of 20% in observed feed intake 
was reduced to 14%. Alternatively, intake per unit of metabolic size 
(Wxg'7®) was used, and gave values having a coefficient of variation of 


13%. 
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In using a feed/size ratio, we are attempting to remove the influence 
of the weight of the sheep on the figures expressing feed intake. Hence the 
term descriptive of weight that is wholly effective will result in an array 
of figures that are uncorrelated with the actual weights of the test animals, 
i.e., figures describing feed intake that are independent of size of animal. 
When our observed feed intakes were correlated, 1) with intake per 100 lb. 
weight, and 2) with intake per unit of (Wy¢'7°), values for “r’” of 0.21 and 
of 0.076 respectively were obtained. These are to be compared to the 


TABLE 1. DAILY DRY MATTER INTAKE OF “STANDARD FORAGE” BY 
SHEEP OF WEIGHTS SHOWN 








Dry matter consumed daily 
Weight of sheep a Simple corre- 
eS - gm./100 lations (r) and 
kg. gm. Ib.wt. gm./wt.xg.-75 coefficients of de- 
Forages Ib. x1 kg.°-75 y x2 xs termination (r?) 





Red Clover (1956) ‘ 37. 15.22 1466 1766 96. 
108. 49. 18.61 1633 1505 87. 

41. 16.24 1412 1560 86. y Xxx; 10,75 
36. 14.82 1273 1589 85. 

48. 18.24 1195 1133 65. r= 56% 


Trefoil (1956) a 38. 15.38 1501 1787 97. 
41. 16.32 1324 1455 81. yXxe; r=—0.21 

46. 17.69 1241 1223 70. 
48. 18.27 1292 1221 70. r=4.4% 

39. 15.84 1234 1410 77. 
y Xxs; r=0.076 

Red Clover (1957) : 5 11.85 1085 1824 91. 
941 1543 ga r2=0.58% 

880 1544 76. 

777 1333 66. 


Averages er 38. 1232 1492 80.9 
$.D. Brieeeaas ss +244 +215 +10.5 


Coef. of variation eres 422% +20% +14% +13% 





correlation coefficient of 0.75 between observed feed intake, y, and the 
gravitational weight of sheep, x;. 

It is biologically reasonable to assume that size of animal to some 
extent “determines” feed intake, and accordingly we can employ r? as a 
coefficient of determination. This procedure gives figures suggesting that 
actual body weight determined observed feed intake to the extent of 56% 
(i.e. 0.757). In contrast in the values representing feed intake per 100 lb. 
of sheep, differences in size of sheep influenced the figures only about 
4.4% (i.e. 0.217). But when the intake is expressed per unit of metabolic 
size (Wx,*), the effective importance of size of sheep is reduced to 
about half of 1% (i.e. 0.0767). Thus on the basis of our feed intake data 
and our analysis of them, we accepted as the expected daily intake by 
sheep of our Standard Forage a rounded value of: 


80 gm. or 0.18 Ib. per (Wx,¢°7°). 


To this quantity we arbitrarily assigned a numerical value of 100. 
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The Relative Intake of a Forage. To be useful as a part of a general 
numerical Index of Nutritional Feeding Value, observed forage consump- 
tion data must be expressed relative to some standard. To calculate the 
relative intake rating for a specific forage we proceed as follows: 


1. Compute for the sheep in question, its metabolic size as Wg". 

2. Calculate the expected intake of Standard Forage (i.e. Wx," X80 gm.) 

3. Divide the observed intake of test forage by expected intake of 
Standard Forage and multiply by 100. 


For example, assume a daily consumption of 1220 gm. of a forage by 
a sheep weighing 100 lb. or 45.4 kg. We calculate: 


er ee re reek Fry = (454 55™) = 17.5: be: 
Expected Standard Forage Intake....... 1735: 30" ==" 1400. gm. 


Relative Intake of Forage in question...... = =, 100 = 87. 


1400 


Nutritive Value Index. One simple way of combining the Relative Intake 
of a forage with the digestibility of its energy, to give a numerical Index 
of Nutritive Value, is merely to multiply the value of one by that of 
the other. 

In our in vivo tests with sheep, the gross energy of forages that show 
a Relative Intake of about 100 (as above computed), prove to be about 


70% digested. On this basis the Nutritive Value Index for the Standard 
Forage would be 100 * 70% = 70. Comparable indices for most, though 
not necessarily all, individual forages would be numerically smaller in 
proportion to their relative feeding values. 

Nutritive Value Indices for the common hays fed in Eastern Canada 


TABLE 2. NUTRITIVE VALUE INDICES OF FORAGES STUDIED 








, Digestibility Nutritive 
Relative of energy, % Value Index 
No. of intake (in vivo) for sheep 
Forage animals (X) 


1956 
Timothy : 3444 
Bromegrass 4325 
Alfalfa K 50+9 
Trefoil 63+9 
Red Clover 712216 


1957 
Red Clover 
Early bloom 
Full bloom 
Timothy 
Early bloom 
Full bloom 
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that we have examined in vivo are shown in table 2. In our experience 
these indices succeed in ranking the forages according to the gains of 
the sheep more consistently than do either Relative Intakes or digestibility 
of Calories alone. Multiple correlation and partial regression analysis sug- 
gests that the importance of the Relative Intake of a forage as compared 
to its digestibility in determining the numerical value of the Index is 
approximately 70% vs. 30% respectively. 

Within our consumption tests, statistically significant correlations be- 
tween forage intake and body weight change of an order of r=0.5 have 
consistently been found. When these same data for voluntary intake have 
been expressed relative to our Standard Forage, and multiplied by the 
percent digestibility of the Calories, the resulting Nutritive Value Indices, 
within the trials, showed correlations of r=0.88 to 0.94 with the cor- 
responding body weight changes. In these data a change of 1 lb. gain in 
11 days reflected a change in Nutritive Value Index of 7 to 8 units. 

At this point it will be helpful to recall some of the events in rumen 
digestion. As we visualize them in connection with this problem these 
events may be stated something as follows for animals subsisting on forage: 


1. Recurring hunger is closely associated with and probably primarily 
determined by some specific degree of reduction of the rumen ingesta 
load. 

2. Rumen load is reduced at varying rates that presumably are cor- 
related with the rate of the degradation of its cellulose and hemicellu- 
lose content. 

3. The rumen ingesta load will reach the degree of reduction at which 
hunger recurs after time periods characteristic of the specific forage 
involved. 


The concepts can be shown in graphic form using hypothetical values 
throughout (see figure 1). 

These hypothetical curves are not unlike the early trends of cellulose 
disappearance shown in our laboratory from im vitro measurements on sev- 
eral forages, using steer rumen inoculum. In fact, Donefer et al. (1960) 
have established a highly significant correlation (with regressions of use- 
ful magnitude) between the in vivo Nutritive Value Index of a forage and 
the early in vitro digestion of that forage. Thus it should be possible to 
predict the in vivo Nutritive Value Index from in vitro fermentation data. 

We therefore propose: 


1. That the normal intake of a hypothetical Standard Forage by grow- 
ing 60- to 95-lb. sheep be taken as 80 gm. or 0.18 lb. per unit of 
metabolic size, the latter to be computed as Wx,*°; and that this 
Standard Forage Intake be given a numerical rating of 100. 

2. That the arithmetic product of the actual daily intake of a forage 

relative to the hypothetical Standard (i.e. Relative Intake) and 
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Figure 1. Hypothetical curves of rates of rumen load re- 
duction to points of recurring hunger and typical trends of 
early in vitro cellulose fermentation of two forages of dif- 
ferent feeding value. 


the percent digestibility of its energy, be used as an Index of Nutri- 
tive Value of that forage. 

3. That this Nutritive Value Index be predicted from early in vitro 
cellulose digestion as described by Donefer e¢ al. (1960). 


Summary 


This paper presents data on the voluntary consumption by sheep of 
various weights of nine forages that differed in feeding value either because 
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of species of plant or because of stage of maturity when harvested. Diges- 
tibility was also measured for each forage, and live weight changes of the 
sheep recorded. It was found that by computing intake per unit of the 
metabolic size of the sheep, a description of voluntary intake was obtained 
that was independent of body weight of sheep (r?=0.058). 

The intake of early bloom, chopped, dehydrated legume forage per 
unit (Wx,7°) was found to be 80+ 10 gm. per sheep per day. Such forage 
was designated Standard Forage and the quantity, 80 (Wx,7°), given an 
arbitrary numerical rating of 100. The relative intake, RI, of other forages 
was then computed as 


observed intake x 100 





Ri = 
80 (Wxz'7>) 


Relative intake of forages multiplied by the percent digestibility of their 
energy gave figures that were correlated with feeding value as indicated 
by gain of the sheep fed. The correlations were of the order of r=0.88 to 
0.94. 

It was proposed therefore that Relative Intake of a forage X its percent 
energy digestibility be used as a Nutritive Value Index. It is also proposed 
that this Index can be predicted from in vitro fermentation. 
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PREDICTION OF THE NUTRITIVE VALUE INDEX OF A 
FORAGE FROM JN VITRO RUMEN FERMENTATION 
DATA! 


E. DoONEFER, E. W. CRAMPTON AND L. E. LLtoyp 
Macdonald College * (McGill University), Canada 


ITHIN recent years, several workers have demonstrated a high cor- 
relation between the in vivo and in vitro digestibility of forage cellu- 
lose (Barnett, 1957; Quicke et al., 1958; Hershberger et al., 1959). This 
observation has raised the question as to whether in vitro techniques 
might replace costly and time-consuming in vitro trials in estimating the 
nutritive value of forages. Since there may be some question as to the 
adequacy of individual in vivo measurements (i.e., TDN, digestible energy 
or cellulose digestion) in completely describing the nutritive value of 
forages, the corresponding individual in vitro techniques which are “pre- 
dictors” of these in vivo indices also may be limited in practical application. 
Crampton (1957) has suggested that level of intake (voluntary con- 
sumption) of a forage may be of primary importance in describing its 
feeding value. This observation has been extended and a Nutritive Value 
Index has been proposed that takes into consideration both the intake level 
and availability (digestibility) of energy of a forage (Crampton e¢ al., 
1960). Studies to be reported in this paper are concerned with the develop- 
ment of an in vitro procedure which might be used to predict the proposed 
Nutritive Value Index of a forage. 


Experimental Procedure 


In Vitro Rumen Fermentation Techniques 


General Procedure. Cellulose digestion was determined by the in vitro 
technique developed at the Ohio Agricultural Experiment Station and 
described by Quicke e¢ al. (1959), with slight modification. The in vitro 
system used consisted of 32 fermentation tubes (90 ml., pyrex 8260), each 
equipped with a rubber stopper and gas inlet tube through which CO. 
was passed throughout the fermentation period at a rate of approximately 
160 bubbles per minute. Gas was exhausted by way of the clearance 
between the pouring lip of the tube and the rubber stopper. Fermentation 
tubes were maintained at a temperature of 40° C. in a water bath. Total 
liquid volume in each tube was 50 ml., with 700 mg. of forage supplying a 

1 This investigation was carried out with financial assistance from an Extra-Mural Grant from the 
Canada Department of Agriculture. A preliminary report of this work was presented before the 51st 
meeting of the American Society of Animal Production, November, 1959, and the Abstract appears in 


the J. Animal Sci. 18:1538, 1959. 
? Department of Nutrition, 
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substrate level of approximately 200 mg. cellulose. Forages tested were 
those described by Crampton et al. (1960) and were prepared for the in 
vitro studies by grinding in a hammer mill to pass a 35-mesh screen. 
Preparation of Inoculum. A rumen fistulated steer, fed exclusively on 
a diet of high quality alfalfa hay, served as the source of rumen ingesta. 
The ingesta was pressed through several layers of cheese cloth, and 4 lb. 
of the resultant solid pulp were extracted with 1500 ml. of phosphate buffer 
(pH 7), according to the method described by Johnson e¢ al. (1958). Pre- 


TABLE 1. COMPOSITION OF JN VITRO BASAL MEDIUM 








Volume used Amount used 
Solution per tube per tube 





ml. mg. 


Mineral mixture“ 10. (see a) 
Iron and Calcium (FeCO;-6 H:O, 4.4 mg./ml.; 0 2.200 


CaCl.-2H:0, 5.29 mg./ml.) ay 2.645 
5 50 

5 63 

0 10 wg. 
eh 25 mg. 
.0 15 
5 

5 

.0 


Glucose (100 mg./ml.) * 0 
Urea (126 mg./ml.)* 0. 
Biotin (10 ug./ml.) B 
PABA (100 ug /ml.) 0 
n-Valeric acid (5 mg./ml.)* 3 
Casein hydrolysate-enzymatic” (20/mg./ml.) * 2 
Na2CO; (200 mg./ml.) i. 
Phosphate buffer (pH 7) “ * 10 


50 
300 
(see c) 





® NasHPO,, 5.65 gm.; NaHePOs.-HeO, 6.27 gm.; KCl, 2.15 gm.; NaCl, 2.15 gm.; MgSO.-7H20, 
0.582 gm.; and NazSOs, 0.75 gm.: per liter. 

» Nutritional Biochemicals Corp. 

© NasHPOs, 1.059 gm.; KHePOs, 0.436 gm.; per liter. 

* Prepared prior to each fermentation run. 


liminary to making the extract, the phosphate buffer solution (1.059 gm. 
Na2HPO,4+0.436 gm. KH»POy, per liter) was preheated to 45°C. (to 
compensate for drop of temperature to approximately 40° C. during ex- 
tracting procedure), saturated with CO. (by rapidly bubbling CO. through 
solution for 35 minutes), and re-adjusted to ph 7 with NasCO; (to com- 
pensate for pH drop due to COs saturation). After moderate agitation 
the pulp and phosphate buffer mixture was re-pressed, and the resultant 
phosphate buffer extract (PBE) transported to the laboratory in a pre- 
warmed thermos container. The sediment from 1250 ml. of PBE obtained 
by centrifugation in a Sharples supercentrifuge at approximately 30,000 
r.p.m., was resuspended in 250 ml. of phosphate buffer and constituted 
the bacterial inoculum. 

Preparation and Dispensation of Basal Medium. The basal medium re- 
ported by Quicke e¢ al. (1959) was modified as follows: Casein hydrolysate 
solution was added, since it was indicated in preliminary studies (Donefer 
et al., 1959) that it was necessary to support maximum digestion of all 
forages and purified cellulose. The NasCO; concentration was increased 
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and phosphate buffer was added since preliminary trials had shown that 
these modifications resulted in a pH of 6.8—7.0, which was maintained 
even after extended fermentation periods. All the components of the basal 
medium (table 1) were premixed in a 2-liter Erlenmeyer flask in quanti- 
ties necessary for the inoculation of 40 fermentation tubes, and conditioned 
(heated to 40° C., saturated with COs, adjusted to pH 7). Following this, 
200 ml. of bacterial inoculum (5 ml./tube) were added to the flask con- 
taining the basal medium, and the total volume adjusted to 2 liters with 
distilled water. The flask was then placed on a magnetic stirrer and 
attached to a Brewer automatic pipette which dispensed 50 ml. of mixed 
medium and inoculum to each fermentation tube (into which the substrate 
had been pre-weighed). Two drops of mineral oil were added to each 
tube in order to prevent foaming, after which the tubes were connected 
to a COz gas supply and the fermentation period initiated. A randomly 
selected tube of each forage being tested in a run was withdrawn after 
the following periods of fermentation: 3, 6, 12, 24 and 48 hours. A single 
determination at each time period for five different forages plus purified 
cellulose (Solka Floc SW40A) was made in each run with four runs 
constituting a trial. 

Cellulose Analysis. As each fermentation period was concluded, the 
tubes were centrifuged immediately at 2200 r.p.m. for 8 minutes, the 
supernatant discarded, and the residue refrigerated for subsequent cellu- 
lose analysis. Cellulose was determined on the entire contents of each 
fermentation tube using the Crampton and Maynard (1938) method, 
slightly modified. Acid digestion was conducted in the fermentation tubes 
which were immersed in a boiling water bath for a period of 30 minutes 
(replacing the original 20-minute refluxing period). 


Results and Discussion 


Rates of in vitro cellulose digestion for the 1956 forages and purified 
cellulose are illustrated in figure 1. Similar type curves were obtained for 
the 1957 forages. Lag periods in the start of cellulose digestion appear to 
be related to forage species; i.e., measurable cellulose breakdown in the 
grasses—Bromegrass and Timothy—lags approximately 3 hours behind 
that of the leguminous species. This differential fermentation start is 
reflected in the level of cellulose digested up to the 12-hour determination. 
Once active fermentation has started there does not appear to be any 
marked difference in rate of digestion (slope of line). After 12 hours, the 
rate of digestion decreases (with the exception of the purified cellulose), 
with little if any digestion observed between 24 and 48 hours for the 
leguminous species. The significance of the slight rise in digestion between 
24 and 48 hours observed for the Timothy and Bromegrass is questionable 
because of the lengthy fermentation period involved. That the decrease in 
rate of digestion after 12 hours is related to lignification of the forages 
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is suggested by the behavior of the unlignified purified cellulose (94% 
cellulose), which in the early stages of fermentation is closely related 
to the grasses, but unlike them does not decrease in fermentation rate 
until it has been digested almost to completion. It is of interest that the 
general characteristics of these fermentation curves are also found upon 
examination of in vitro fermentation curves presented by Hershberger 
et al. (1959). 
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Figure 1. Rate of in vitro cellulose digestion, 1956 forages 
and Solka Floc. 


In order to determine what relationships might exist between in vitro 
cellulose digestion and in vivo measures of nutritive value obtained for 
the same forages, simple correlation coefficients were determined be- 
tween all possible pairs of the im vitro and in vivo data. Since the 
Nutritive Value Index for forages proposed by Crampton et al. (1960) 
is a function of both voluntary consumption (relative intake) and digesti- 
bility of energy, the relationship between the in vitro data and these 
criteria as well as their product (Nutritive Value Index) was examined. 
Pertinent correlations are shown in table 2. The fact that 12-hour in vitro 
cellulose digestion is highly correlated with voluntary consumption (rela- 
tive intake) is of great interest, since if the lag periods which characterize 
the 12-hour in vitro determination also occur when a forage is introduced 
into the intact rumen they may serve to explain certain factors which 
affect level of intake. This hypothesis is discussed by Crampton e¢ al. 
(1960). The highly significant correlation between 24-hour in vitro cellu- 
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TABLE 2. PERTINENT SIMPLE AND MULTIPLE CORRELATIONS 








Variables correlated Coefficients 





Simple correlations: r r2 


Relative intake with 

12-hr. in vitro cellulose digestion 0.69 
Digestible energy with 

24-hr. in vitro cellulose digestion ; .76 
Nutritive Value Index with 

12-hr. in vitro cellulose digestion ‘ .82 

12-hr. X24 hr. in vitro cellulose digestion .39°" .80 





2 


Multiple correlations: R R2 Relative Beta* 
Nutritive Value Index with 

12-hr. in vitro cellulose digestion and ) 

24-hr. in vitro cellulose digestion _{ 


97% 
* 
0.91 0.83 3% 





® Calculated by dividing individual standard partial regression coefficients (beta values) by the 
sum of the standard partial regression coefficients, X 100 (Wallace and Snedecor, 1931). 
** Highly significant, P—=.01. 


lose digestion and in vivo energy digestibility is one that has been dem- 
onstrated by other workers if the following assumptions are made: 


1. That our 24-hour in vitro determination is essentially a measure of 
characteristic “levelling off” of rate of digestion (Kamstra et al., 
1958). 

2. That in vivo indices such as TDN, digestible dry matter, and digesti- 
ble cellulose in fact measure or are related to available energy. 


Therefore, it may be concluded that in vitro cellulose digestion beyond 
24 hours essentially measures the ultimate im vivo energy availability. 

Two in vitro determinations were found to be highly correlated with the 
Effective Nutritive Value Index—both the 12-hour determination (fig. 2) 
and an “in vitro index”. The latter is.the product of the 12- and 24-hour 
determinations. The calculation of an “in vitro index” may be justified 
by the fact that 12-hour digestion is closely related to relative intake and 
24-hour digestion to energy digestibility. Therefore, the indices prepared 
from these data should be closely related. Multiple correlation and partial 
regression analyses of the relationship of 12- and 24-hour in vitro cellulose 
digestion (independent variables) to the Nutritive Value Index (dependent 
variable) , show relative beta values of 97% for 12-hour digestion and 3% 
for 24-hour digestion (table 2). That is, 97% of the accounted for variation 
in the Nutritive Value Index is based on the 12-hour in vitro cellulose 
digestion determination. Of interest is the fact that the 12-hour digestion 
alone may be as effective in predicting Nutritive Value Indices as the “in 
vitro index” (figure 2). 

The in vivo and in vitro data, and both the Jn Vitro and Nutritive 
Value Indices computed from them for nine forages are shown in table 3. 
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Standard deviations for each determination have been calculated and 
pooled, so as to give a working standard deviation for each of the 
criteria. Within forage variability of the in vitro measurements is low, 
considering that each forage value is an average of four single determina- 
tions, each made in a separate fermentation run. Even greater error con- 
trol could be effected if the in vitro cellulose digestion of a forage was 
determined in duplicate or triplicate within a run, with two or three runs 
constituting a trial. In contrast, a high variability is associated with the 
measurement of forage intake, which is also reflected in the calculation 
of the Nutritive Value Index. This shortcoming in the measurement of 


8c} 
@ 1956 FORAGES 
| 0 1957 » » 


NUTRITIVE VALUE INDEX (yY) 


re 9! 
Y = -7.8+1314x 
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30 40 50 60 
IN VITRO CELLULOSE DIGESTION, 12 HOURS (x) 


Figure 2. Regression of nutritive value index on 12-hr. 
in vitro cellulose digestion. 


voluntary consumption, as described by McCullough (1959), necessitates 
the observation of a larger “population” in order to obtain accurate values, 
and to show significant differences between forages. This fact increases 
the usefulness of the im vitro technique, since once the basic relationships 
between the in vivo and in vitro values are well defined, the prediction of 
the Nutritive Value Index by in vitro procedures can be highly accurate. 
Although the in vitro results described in this paper, and their relation- 
ship to the Nutritive Value Index were obtained using a well-defined 
in vitro rumen fermentation procedure, other in vitro techniques might be 
applicable. The prerequisite of a useful in vitro technique must be its 
ability to measure the effect on cellulose digestion of early lag differences 
in fermentation between forages. Since the only “standard” which is 
readily available and chemically defined is not a forage but a purified 
cellulose (Solka Floc in the case of these studies), it becomes convenient 
to incorporate it in all fermentation runs. This material can thus be used 
to test repeatability of results between runs as well as between different 
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laboratories and different in vitro techniques. In our studies, the 12-hour 
digestion of purified cellulose average is 37+6%. 

On the basis of our present data, it is therefore proposed that the 12-hour 
in vitro cellulose digestion (X) be used to predict the Nutritive Value 
Index of a forage (Y). The equation which expresses this relationship may 
be stated as Y=y-+b (X—x), with y and x equal to the averages of the 
Nutritive Value Index and 12-hour in vitro cellulose digestion, respectively. 


TABLE 3. 1N VITRO AND IN VIVO MEASUREMENT USED IN CALCULATION 
OF IN VITRO INDEX AND EFFECTIVE NUTRITIVE VALUE INDEX 








In vitro measurements 


Cellulose 
digestion (%) 
——-- In 
12-hour X 24-hour = vitro 
Forage Index 


iciolainialely In vivo measurements 





Digestibility 
Relative y, of — Nutritive 
Intake a Value 
Energy (%) Index 





1956: 
Alfalfa 
Red Clover 
Birdsfoot Trefoil 
Broomegrass 
Timothy 
1957: 
Red Clover, early bloom 
full bloom 
Timothy, early bloom 
full bloom 


Solka Floc (SW40A) 





Pooled standard deviation 





Substituting the values for our data in this equation we obtain Y=48.4+ 
1.314 (X—42.8) or expressed as a working equation Y——7.8+-1.314X. 
Obviously data for a larger number and wider range of forages fed in vari- 
ous physical forms are needed before these equations can have general 
application. 


Summary 


Nine forages, harvested over a period of two years and representing 
five different species (3 legumes, 2 grasses) cut at various stages of matu- 
rity, chopped, and artificially dehydrated, were studied in im vivo and in 
vitro tests. Ad libitum consumption (relative intake) and energy digestibil- 
ity were determined in in vivo sheep trials and used to calculate the. 
Nutritive Value Index of each forage. 

In vitro cellulose digestion of the forages was determined after 3, 6, 12, 
24 and 48 hours of fermentation. When compared to the leguminous species, 
grasses displayed lag periods in the start of cellulose digestion. These 
lag periods were reflected in the 12-hour cellulose digestion determination, 
the latter being highly correlated (r=0.91) with the Nutritive Value 
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Index. It is proposed that the Nutritive Value Index (Y) of a forage 
may be predicted from the 12-hour in vitro cellulose digestion (X) of 
that forage according to the equation Y=y+b (X—x). Substituting the 
values obtained from our present data we obtain Y=48.4+1.314 (X— 
42.8) or finally Y—=—7.8+-1.314X. 

Future research is indicated in order to widen the scope of forages 
observed, thus increasing the general applicability of the prediction 
equation. 
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COMPARATIVE GOITROGENIC ACTIVITY OF TAPAZOLE AND 
CARBIMAZOLE IN CATTLE! 


B. N. PREMACHANDRA, G. W. Pipes AND C. W. TURNER?” 
University of Missouri, Columbia 


OITROGENIC compounds, by virtue of their ability to inhibit thy- 
roxine secretion, possess the capacity of producing varying degrees of 
hypothyroidism. These compounds are of interest in clinical medicine in 
influencing conditions of hyperthyroidism and in live stock and poultry in 
having a favorable influence on the fattening process (Blaxter et al., 1949; 
Hill, 1953; Winchester and Andrews, 1953). 

The goitrogens also serve useful purposes in blocking the recycling of 
I'3! in the technique developed for the estimation of the thyroxine secre- 
tion rate in livestock and poultry (Pipes e¢ al., 1957, 1958). In the use of 
goitrogens, it is necessary to determine the minimum blocking dose for 
each type of animal in which it is to be employed. In the early studies this 
was accomplished by determining the minimum level in the feed which 
would cause maximum thyroid hyperplasia. This involved sacrifice of the 
animals. Pipes e¢ al. (1958) described a technique for the estimation of 
the effectiveness of goitrogens in cattle using the apparent change in rate 
of release of thyroidal-I'*! as recycyling is blocked. It was shown that 
thiouracil and 6-methyl-thiouracil were of about equal biological activity 
requiring about 1 gm./100 lb. body weight to completely block iodine 
recycling. 

In clinical research, two goitrogens of great effectiveness have been 
described, tapazole by Stanley and Astwood (1949) and carbimazole by 
Lawson et al. (1951). A report of the effectiveness of these two goitrogens 
in cattle is presented. In addition to the method previously employed, a 
second method based upon the suppression of I'*! uptake is described and 
evaluated. 


Material and Methods 


The goitrogens used in this study were tapazole and carbimazole. Their 
structural formulae are shown in comparison to the thiouracils (figure 1). 
They were administered to cattle by gelatin capsules at 24-hour intervals. 

The cattle used in these experiments were of the several dairy breeds. 
The studies were conducted at various times of the year during which 
thyroxine secretion rate has been shown to vary. Animals had free access 
to iodized salt at all times. The method used in determining the effective- 


1 Contribution from Mo. Agr. Exp. Stat., Journal Series No. 2081. Approved by the Director. 

* Aided in part by a grant from the U. S. Atomic Energy Commission (Contract No. AT(11-—1)-—301). 
The supply of tapazole from-Eli Lilly & Co., Indianapolis, and of carbimazole from Denver Chemical 
Co., Stamford, Conn., is gratefully acknowledged. 
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Figure 1. The structural formula of some of the common 
goitrogens employed in clinical medicine and in fattening 
live stock is illustrated. It may be mentioned that the struc- 
ture of carbimazole has been frequently depicted in the 
literature as 2-carbethoxythio-1-methylglyoxaline. The Stam- 
ford Research Laboratories (Connecticut) have reported this 
structure to be in error and have given the revised structural 
formula as 1-methyl,2-thio, 3 carbethoxyimidazole. 


ness of goitrogens by the change in release rate has already been described 
(Pipes et al., 1958). Studies on blockage of I**4 uptake involved the feeding 
of the goitrogen one day prior to and on the day of administration of 
carrier-free I’*1 and 24-hour I'*! uptake was determined. Thyroidal- 
I/31 measurements were made with an NRD scintillation counter (model 
CS-100) connected by a 20-foot coaxial cable to an NRD analytical rate 
meter (model CRM-560). 

NalI'31, 300-500 uc, was injected intravenously in the release rate 
method; in the I'*! uptake studies, 100 uc were used. 





Goitrogenic Activity of Tapazole and Carbimazole in Cattle 


Release Rate Method. In this method after I'*! uptake was complete 
(2-4 days) and the normal release rate of I'*! from the thyroid gland 
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(k’ 4) determined, increasing levels of carbimazole and tapazole were fed 
during successive 4-day trials to determine the level at which recycling of 
I'*! was completely blocked. During goitrogen therapy the rate of discharge 
of I'*' from the thyrvid gland is more rapid than normal because of the 
prevention of reutilization of I'*! from the metabolized hormone-I'*! by 
the thyroid and also because of resultant high and constant specific activity 
of thyroidal iodine being released. The criterion of maximum response at 
a certain level of goitrogen was the apparent complete inhibition of recycling 
of I'*! as reflected by no further increase in the slope of the I'*! output 
curve when a succeeding higher level of goitrogen was administered (figure 
2 and table 1). 

In the use of carbimazole during the summer months (June-Aug.) when 
thyroxine secretion rate is minimal, 1 gm./1000 lb. body weight completely 
blocked I'*! recycling in mature cattle. In November the data suggest 
an increased requirement (1.5—2.0 gm./1000 lb. body weight). Immature 
animals needed 1 gm./1000 Ib. body weight in summer for complete 
blockage, whereas in December when thyroxine secretion rate is relatively 
higher, 2 gm./1000 lb. body weight were needed. 

Comparable data on tapazole indicated a somewhat higher requirement. 
During the summer (July) about 2 gm. were required. With increasing 
thyroxine secretion in the fall and winter the blocking dose gradually in- 
creased to 2.5, 3.5 and 4.0 gm./1000 Ib. body weight. This indicates that 
at comparable seasons of the year, the requirement of tapazole is about 
twice that of carbimazole. In immature animals the requirement of tapazole 
appears to be slightly higher, being 5 gm./1000 lb. body weight in the 
winter. 

By this technique, the biological activity of carbimazole for winter usage 
is about 2 gm./1000 lb. body weight, and that of tapazole about 4 gm./1000 
lb. body weight. Thus, tapazole is % as active and the thiouracils are 
about 1/5 as active as carbimazole in producing blockage of I'*! uptake 
(Pipes e¢ al., 1958). 

Uptake Method. Great variation in normal I'*' uptake in cattle has 
been reported (Turner e¢ a/., 1959). For our studies, the index of effective- 
ness of the goitrogens was defined as the minimal amount needed to bring 
about complete blockage of I'*! uptake. Background count was taken in 
the thigh region. If the thyroid count was not greater than the background 
count blockage was considered complete. 

When a succession of I'*! uptake trials are made in the same animal, the 
residual radioactivity present at the beginning of each trial must be 
determined. This was done by taking three daily thyroidal-I'*! counts 
concurrent with goitrogen administration prior to I'*! administration. The 
percentage daily decline was then computed, namely, the fractional biolog- 
ical decay. The daily fraction in terms of net counts was subtracted from 
the 24-hour I'*! uptake count. This value was used in the computation of 
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Figure 2. Effect of tapazole and carbimazole on the release 
of I131 from the thyroid gland in cattle. When the apparent 
complete blockage of recycling of I'#! from the metabolized 
hormone—I!31 is achieved at a certain level of goitrogen, 
there will be no further increase in the slope of the I!#! 
output curve when a succeeding higher level of goitrogen is 
administered. It can be seen that such an effect is produced 
by 2 g carbimazole or 4 g tapazole. 


I'*! uptake. All determinations were made during the spring (March to 
June). 

In the use of carbimazole and tapazole, it will be observed that complete 
blockage of I'*! uptake was obtained in both cases at the level of 3 gm./ 
1000 Ib. body weight (table 2). On the basis of these observations, it would 
appear that these two goitrogens are of equal effectiveness in cattle in 
preventing thyroxine synthesis. 

Discussion. While carbimazole and tapazole are equipotent in cattle as 
judged by I'*! uptake measurements, the former seems to be more potent 
(1.5-2.0 times) as judged by I'*! release measurements. The differences 
in potency of these two compounds by the two techniques might be real 
or apparent inasmuch as a variety of factors affect both uptake and release 
measurements. Besides, the trials were not carried out under controlled 
temperature conditions, and it is difficult to determine the extent to which 
change in thyroxine secretion rate (especially a rapid change in approach- 
ing summer) influenced the magnitude of I'*! uptake. Consequently, the 
amount of goitrogen needed to block I'*! uptake would also be affected. 
The small differences in potency of several goitrogens described in the 
literature might be real or apparent depending on variables such as tem- 
perature, nutrition (especially iodine content of the feed) and varying 
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physiological states when different trials are carried out at various times 
of the year. All these factors have considerable influence on thyroid status. 

Theoretically, under ideal conditions both techniques should yield the 
same result since the phenomenon (I'*! uptake suppression) that is taking 
place during measurements is the same. However, the release of I'*! is a 
better index of thyroid function than the I’*! uptake (Turner e¢ al., 1959) 
and, hence, it would be more logical and appropriate to rely on the release 
rate index. Nevertheless, the introduction of a carbethoxy group with a 


TABLE 2. EFFECT OF VARYING AMOUNTS OF TAPAZOLE AND 
CARBIMAZOLE ON UPTAKE I!21 IN MATURE CATTLE 








Blockage of 
thyroidal-I**! uptake 
No. of Amount in gm./100 
estimations Ib. body weight Mean (%) Range (%) 








Carbimazole 


March ay 78-93 
April 
April 
May 
May 
June 


Tapazole 


March 1.0 90.3 
March ; 92.5 
April ; 94.4 
May ; 96.6 
May : 99.4 
June : ee 





concomitant replacement of mercaptan radical by a thio grouping in 
tapazole does not seem to enhance the goitrogenic activity of carbimazole 
to any appreciable extent. Similar observations of equipotency of tapazole 
and carbimazole or slightly more potency of the latter have been reported 
in man and rats (Bartels, 1953; Lawson e¢ al., 1951; MacGregor and 
Miller, 1953). 

The slightly increased requirements of the goitrogens needed to block 
I'31 uptake during fall and winter can be understood in terms of seasonal 
variation in thyroxine secretion rate in cattle (Premachandra e¢ al., 1958). 
The three-fold increase in thyroxine secretion rate in fall and winter appears 
to require a higher level of goitrogen to block thyroxine secretion. 

It should be recognized that complete blockage of thyroxine secretion is 
not desired in the utilization of goitrogens for increasing the fattening of 
cattle. The value of the present data is concerned with the comparison of 
the biological activity of the several types of goitrogens. In practice, only 
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partial blockage of thyroxine secretion is desirable so that both growth 
and fattening will continue under mild hypothyroidism. 

In the practical feeding of tapazole in the fattening of beef cattle, the 
most effective level observed has been about 20% of the blocking dose 
(600 mg./day for 800-1000 Ib. body weight) (Trenkle and Burroughs, 
1959). 


Summary 


The comparative goitrogenicity of two compounds, tapazole (1-methyl, 
2-mercaptoimidazole) and carbimazole (1-methyl, 2-thio, 3-carbethoxyi- 
midazole) was determined in cattle by I'*! uptake suppression and by I'*4 
release measurements. By the former measurement carbimazole and 
tapazole were found equipotent and 3 gm./1000 Ib. body weight completely 
blocked thyroxine secretion. By I'*! release rate measurements, however, 
carbimazole was about twice as potent as tapazole in blocking thyroxine 
synthesis. The implications of the differences in the potency of the 
goitrogens by different techniques are discussed. 
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NUTRIENT CONTENT OF THE DIET AS DETERMINED BY 
HAND PLUCKED AND ESOPHAGEAL FISTULA SAMPLES 


James L. EpLeFseN, C. WAYNE Cook AND JOSEPH T. BLAKE 
Utah Agricultural Experiment Station, Logan 


LL range nutritionists face the problem of determining the nutritive 
content of the diet of range animals. Grazing animals often select 

their forage from a complex mixture of plant species. Until recently, inves- 
tigators have been forced to rely on measurements of the vegetation and 
personal observations for diet information. Torell (1954) used the esoph- 
ageal fistula, and Cook e¢ al. (1958) adapted the esophageal-fistula can- 
nula as methods in diet determination under natural grazing conditions. 

During the winter grazing season of 1956-57, a study was conducted 
on desert ranges of west-central Utah to determine the reliability of using 
fistulated sheep as collectors of diet samples under range conditions and 
to compare the composition of diets thus obtained with diets determined 
by hand plucking material presumed to be comparable to forage consumed. 
The trial areas were typical saltbush and sagebrush winter range. Dominant 
species include black sagebrush (Artemisia nova), shadscale (Atriplex con- 
fertifolia), saltstage (Atriplex nuttallii) and winterfat (Eurotia lanata). 
Associated species include galleta grass (Hilaria jamesii), sand dropseed 
(Sporobolus cryptandrus), Indian ricegrass (Oryzopsis hymenoides), des- 
ert molly (Kochia vestita), needle-and-thread grass (Stipa comata), yel- 
lowbrush (Chrysothamnus stenophyllus), four-wing saltbush (Atriplex 
canescens) and Russian-thistle (Salsola kali var. tenuifolia). 

Precipitation in the area is between 6 and 7 inches annually. It comes 
principally as winter snow and spring rain. Temperatures reach 90° to 
100° F. in the summer and subzero temperatures are common during the 
winter. 


Method and Procedure 


In these studies a plastic cannula was permanently installed in the 
esophageal-fistula of sheep (Cook et al., 1958). A bag constructed of water- 
proof canvas with a fine-mesh screen bottom was used to collect the forage 
material as it was voided from the cannula opening. The screen bottom 
allows saliva to drain, permitting forage collection with less weight. The 
bag was secured to the animal’s neck by canvas straps which were fastened 
at the top of the neck (figure 1). Samples were collected by removing 
the cannula cap, tying the collection bag in place and allowing the animal 
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dies a j nike . 
Figure 1. Fistulated animals collecting diet samples of desert 
vegetation. 


to graze. After completing the collection, the cap was replaced and the 
animal allowed to consume forage for body maintenance. 

The fistulated animals were used in conjunction with an intensity of 
grazing study by Pieper (1958). Each trial area was about 4 acres in size. 
The grazing trials lasted for 6 or 8 days. Each grazing trial was divided 
into two equal periods for the purpose of comparing two composite samples 
for each method of determining the diet during each trial. Each evening 
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Figure 2. A plot frame 5 feet square, made of light steel 
tubing with extension legs and equipped with hinges for 
folding. The’ sliding cross-piece is 1 foot wide and 5 feet 
long subdivided into 1/16 square foot sections. 
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of the trial, the fistulated animals were placed in an isolation pen with 
access to water but no feed. Early the following morning collection bags 
were tied in place and the fistulated animals were allowed to graze with 
the other sheep. From 1 to 3 hours were required to fill the collection bag; 
this depended on the amount and type of vegetation present. 

The freshly collected fistula samples were spread out on paper until 
dry and then placed in individual paper sacks. Each air-dry sample was 
later ground through a Wiley mill to pass a 1-mm. screen and placed in 
air-tight bottles. Chemical analysis included ether extract, nitrogen, ash, 
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Figure 3. A close-up of a black sage plant showing 1/16 
square foot subdivisions filled with normal cover of the 
plant. 


lignin, cellulose, gross energy, and phosphorus as outlined by Cook e¢ al. 
(1951). 

Diets for grazing trials were determined by the modified method devised 
by Cook e¢ al. (1948). The quantity of each species present was obtained 
by locating plots along a series of transects running through the study area. 
The plots used were 5 feet square, enclosing 25 square feet. The plot 
marker was constructed of light steel tubing with extension legs for adjust- 
ment for varying heights of vegetation. A sliding cross-piece 1 foot wide 
and 5 feet long, which was subdivided into squares 1/16 square foot area, 
aided in delimiting the area of normal cover for each plant (figure 2). 
By counting the number of subdivisions filled with normal cover of each 
species (figure 3), the percent plant cover was determined. Each 1/16 
of a square foot is equal to 0.25% cover and each 4 of a square foot is 
equal to 1%. 
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TABLE 1. PERCENT COVER, AIR-DRY WEIGHT PER EACH ONE PERCENT 
COVER, UTILIZATION, AND DIET ON ONE OF THE AREAS WHERE 
DIGESTIBILITY STUDIES WERE MADE 








(1) (2) (3) (4) 
Airdry 
Average wt. per 4 
cover sq. ft. Column Utili- Column 
Species per plot* cover 1x2 zation 3x4 





% grams 


Artemisia tridentata 
Artemisia nova 
Atriplex confertifolia 
Eurotia lanata 
Oryzopsis hymenoides 
Stipa comata 


289.4” aot? 100.0 





® These figures represent average percent of normal forage cover for 25-square-foot plot or the 
number of %4-square-foot subdivisions filled with forage per plot. 

> By multiplying 289.4 or 89.1 (pounds produced per plot and pounds consumed per plot) by 
3.84 gives 1111.3 or 342.1 (pounds of available forage per acre and pounds consumed per acre, 
respectively). 


In order to convert normal cover of plant material into weight of forage 
produced, it was necessary to harvest plant samples randomly from each 


species along the transect. Each sample was collected as a specific plant 
unit, which may be defined as an entire plant, a branch or 14 square foot 
of cover. In each case, each unit was measured for normal ground cover 
before it was harvested. From 20 to 100 units from each species were col- 
lected, the total weight recorded, and the average field weight per unit 
area of cover was determined. This was converted to air-dry weight per 
\% square foot of cover for each species. The total production per plot 
for each species was calculated by multiplying this figure by the average 
percent cover per plot for each species (table 1). 

Material representing forage being consumed from each species was 
collected each day by hand plucking. This material was dried and ground 
preparatory for chemical analysis. The material from each species was 
weighed into a composite sample for each grazing period. This was 
accomplished by adding the same number of grams to the composite for 
each species as the percentage in the diet. Thus, the total composite 
weighed 100 gm. with each gram representing each percentage of each 
species in the total diet. In all cases two or more composite samples 
were prepared and analyzed for each grazing period. 


Results and Discussion 


The nutrient content of the diet for each composite period was obtained 
both by hand-plucking samples and by averaging the chemical content of 
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TABLE 2. AVERAGE CHEMICAL CONTENT OF FISTULA SAMPLES AND 
HAND-PLUCKED SAMPLES FROM THE SAME GRAZING AREAS FOR 
TWO GRAZING PERIODS IN EACH OF SEVEN TRIALS 








Other 
Ether Total carbo- gross _Phos- 
Sample method extract protein Ash Lignin Cellulose hydrates energy phorus 





% % % % “ % cal./gm. % 
Hand plucking . 7.27 ms 24.3 45.01 4.11 
Fistula (unadjusted 

for saliva) : .64 a ; . 41.30 3.78 
Fistula (adjusted for 

saliva contamination) ; .85 : : ¥ 42.75 


Average of both fistula 
and hand plucked for 
1st and 2nd periods: 

1 
2 





daily fistula samples. A comparison of the two methods was then made 
during seven trials; each trial was divided into two composite periods 
(table 2). 

Significant differences were found between trials for all chemical con- 
stituents because of variation in vegetation types (table 3). Differences 
between composite periods were also significant for lignin and protein. ‘The 
increase in lignin from 9.6% to 11.5%, and the decrease in total protein 
from 7.71% to 7.20, was a result of closer grazing and consumption of 
less nutritious portions of the plant during the second half of the trials. 

A comparison of the nutrient content of diets obtained by the two 
methods shows differences to be significant for all constituents except 
ether extract, total protein, and cellulose. The greatest differences were 
found in ash and phosphorus. Bath e¢ al. (1956) showed that ash content 
increases on passage through the mouth and out the esophageal fistula. 
Taylor (1959) found that 2.65 of the 18.3% ash content of fistula samples 
was contributed by saliva. Corrected nutrient averages in the diet were 


TABLE 3. ANALYSIS OF VARIANCE FOR DATA PRESENTED IN TABLE 2 








Mean squares 


Other 
Ether _ Total carbo- Gross Phos- 
Source -F. extract protein Ash Lignin Cellulose hydrates energy phorus 





Trials (T) 1.784** 16.50* 46.01** 19.67** 236.24** 37.30* 0.314* 0.0406** 
Methods (M) (fis- 

tula and plucking) 0.292 0.95 467.41°* 10.69% 77.22 96.39** 0.733** 0.1776** 
T x M error (a) 0.543 1.17 8.18 1.66 17.98 12.48 0.061 0.0035* 
Composites (C) 0.064 1.80* 0.24 25.46** 3.94 4.88 0.004 0.0001 
MxC 0.034 0.15 15.15 2.46 6.12 0.09 0.059 0.0001 
T xC and 
TxMxCerror (b) 12 0.335 0.61 2.91 1.44 7.59 4.86 0.019 0.0006 





* Indicates significance at the 0.05 level. 
** Indicates significance at the 0.01 level. 
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calculated allowing for the ash content of the saliva (table 2). A com- 
parison of this adjusted diet with that determined by hand-plucking shows 
little change in differences over that found with the unadjusted fistula 
diet. The saliva apparently accounts for only part of the increased ash 
content found in the fistula samples. During the conduct of the trials, it 
was noted that sheep occasionally consume some litter from the surface 
of the soil and doubtlessly ingested a certain amount of soil material in 
the process. This would increase the ash content of the fistula samples 
over the hand-plucked samples since litter was not included in the hand- 
plucked method. 

No explanation has yet been found for the great difference in phosphorus 
content, 0.23% for fistula samples and 0.07% for the diet as determined 
by hand-plucking. In no case did any part of the plants consumed or the 
litter beneath the plants analyze as high as 0.19% phosphorus as indicated 
might be the case in table 2. The 0.07% agrees closely with reported 
phosphorus content for vegetation of this type (Cook e¢ al., 1954). In an- 
other study on similar vegetation, Taylor (1959) found that 0.04 of this 
0.23% could be contributed by saliva. Method differences for phosphorus 
remained highly significant after correcting for phosphorus in the saliva 
(table 2). 

Although the differences in chemical content between the two methods 
were statistically significant for five of the eight chemical constituents, 
they were not large except for ash and phosphorus. In most cases the 
averages did not vary from each other more than 8% and therefore would 
not eliminate either method from use in digestibility trials with grazing 
animals. 

There are a number of possible explanations for the differences in diet 
composition as determined by the two methods. Hand-plucking the portion 
of the plant being utilized by grazing sheep is difficult, particularly on 
shrub species. Sheep are able to strip the leaves and fruit from the less 
nutritious, woody stems. Attempting to duplicate this action is tedious, 
time-consuming work and, when time is limited, the tendency is to include 
portions of the stems with the leaves. The inclusion of such material 
results in a higher lignin content. This increased lignin content of hand- 
plucked samples could be noted in shrub trials. 

One would expect hand-plucking to duplicate more closely fistula sam- 
ples on pure stands. A comparison of the diet on pure stands and mixtures, 
however, shows little difference in agreement between methods. 

Despite the fact that sheep occasionally eat some litter and graze 
some portions of some plants rather fastidiously, it is believed that with 
persistent effort hand-plucked samples are as accurate as samples gathered 
by fistulated animals. It does, however, require considerably more time 
and effort to obtain hand-plucked samples but the correction for saliva 
contamination is not a factor. At present hand-plucked samples appear 
to be the only method of obtaining an estimate of the intake of phosphorus. 
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Animal and Trial Differences. It was observed that all sheep did not 
have the same eating habits and preferences. On grass-shrub mixtures cer- 
tain animals displayed a preference for shrubs, while a majority of the 
animals ate grass. One particular animal, however, actually dug up the 
remaining portions of Indian ricegrass plants and consumed everything 
that could be reached, including roots. Although no extremes in eating 
habits were noted among fistulated animals, differences among animals 
were significant for a number of trials. 

It is surprising that a significant difference between days was found for 
only four constituents: ash, protein, lignin, and cellulose. Since utilization 
ranged from zero at the start of the trial periods to 80 or 90% at the 
termination, considerable change in the chemical content of the diet would 
be expected. 

Five of the seven trials were conducted on mixed vegetation. It was 
found that sheep grazing mixtures were able to maintain a more constant 
nutritional level in their diets than sheep grazing pure stands. This was 
a result of shifting grazing pressure from species to species as the trial 
period progressed. As utilization of the more palatable plants reached a 
certain level, less palatable species were included in the diet. Often the 
nutritive content of these less palatable species was comparable with that 
of the more palatable with the result that the nutritive content of the diet 
was not changed appreciably. 


Summary and Conclusions 


During the winter of 1956-57 a series of grazing trials was conducted 
on the desert of west-central Utah to determine the practicability of using 
sheep equipped with esophageal-fistula cannulae for collecting diet sam- 
ples. The fistulated animals were grazed in inclosures for trial periods of 
six to eight days. There were seven such trials, each located on a different 
vegetation type. Diet samples were collected daily from the animals and 
analyzed chemically. 

Diets for each trial were also determined by hand plucking vegetation 
samples representative of the forage being consumed. A comparison of 
the chemical content of diets obtained by fistula and hand plucking shows 
differences to be statistically significant for all constituents except ether 
extract, total protein, and cellulose. The greatest differences were found 
in ash and phosphorus. Correcting the fistula samples for ash and phos- 
phorus contributed by saliva during collection is desirable even though the 
nutritive content is changed only slightly. Even though differences between 
the methods were statistically significant, they were not of sufficient 
magnitude to eliminate either method from use in digestibility trials with 
grazing animals. 

A comparison was made between fistula samples collected on plant 
mixtures and on pure stands, An examination of daily changes in chemical 
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content shows that animals grazing mixtures are, to a degree, able to 
hold the nutritive level of their diets constant during the trial periods by 
shifting grazing from species to species. On pure stands, however, there 
was a gradual decrease in the nutritive level of the diet as utilization 
increased during the trial periods. 

The results of this study show that sheep equipped with esophageal- 
fistula cannula are capable of supplying diet samples on saltbush and 
sagebrush vegetation. Uniformity among fistulated sheep indicates that 
only a few animals would be required for a satisfactory diet estimate. 
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EFFECTS OF FEEDING AN AUTOCLAVED DIET ON THE 
DEVELOPMENT OF PARAKERATOSIS IN SWINE? 
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pana Kernkamp and Ferrin (1953) first described the swine skin 
disease, parakeratosis, and Tucker and Salmon (1955) demonstrated 
the curative action of zinc, numerous dietary interrelationships involving 
zinc and other nutrients have been elucidated. The antagonistic action of 
high levels of dietary calcium is well established, but many other relation- 
ships between zinc and dietary components are less clearly defined. 

In the summer of 1957 a pilot experiment was conducted to test the 
influence that environment might have in the development of parakeratosis. 
In this trial it seemed expedient to rule out the possibility of any infectious 
agent being carried in the feed; thus, the feed was autoclaved for groups 
of pigs housed in an environment which was previously uninhabited by 
swine and for those housed in the swine barn. 

The most striking observation in this study was the improvement in 
growth noted for the groups receiving the autoclaved ration as compared 
to the group receiving the same ration, unautoclaved; however, neither 
group of pigs fed the autoclaved ration gained at a normal rate. Also 
noted was a decrease in the severity of parakeratosis in pigs fed the 
autoclaved ration. In light of these results, further studies were undertaken 
to investigate how autoclaving altered the ration so that it improved 
weight gains and lessened the severity of parakeratosis. 


Methods 


The basal ration used in all of the experiments to be reported is given 
in table 1. The only changes made in this ration were either to supplement 
it with 100 ppm of zinc (supplied as zinc sulfate) or to autoclave it. The 
autoclaving procedure was as follows: the complete mixed ration was 
spread into shallow aluminum pans which held approximately 35 to 40 
Ib. of feed; 12 of these pans, containing approximately 475 lb. of feed, 
were placed in a large autoclave and held at a temperature of 230° F. 
for a one-hour period. The feed was then allowed to cool to room tem- 
perature, at which time thiamin, riboflavin, and pantothenic acid, in 
amounts equal to the requirements set forth by the National Research 

1 Published with the approval of the Director of the Wisconsin Agricultural Experiment Station, 
Madison. This work supported in part by a grant from the American Cyanamid Co., Pearl River, 
New York. 

2 This material is based upon part of a thesis submitted by the senior author in partial fulfillment 
of the requirements for the Ph.D. degree at the University of Wisconsin. Present address: Nutrition 


Research Department, Abbott Laboratories, North Chicago, Illinois. 
3 Departments of Animal Husbandry and Biochemistry, Madison. 


568 





AUTOCLAVED DIET AND PARAKERATOSIS 569 


Council (1953), were thoroughly mixed with the ration. In all but the 
first experiment reported here, vitamin additions were made also to the 
unautoclaved basal and basal plus zinc rations. By analysis the autoclaved 
rations showed slightly higher zinc concentrations than the basal, but the 
differences were not considered significant. 

Pigs used in Experiments I and II were crossbred, weanling pigs and 
were allotted on the basis of body weight and fed the following rations: 
Lot I, basal plus zinc; Lot II, basal; Lot III, basal autoclaved; Lot IV, 
basal autoclaved plus zinc. 


TABLE 1. COMPOSITION OF BASAL DIET 








Ingredient Percentage 





Dehydrated alfalfa meal 5.0 
Dried brewers’ yeast 3.0 
Corn 7 

1 


75 
Soybean oil meal .0 
Steamed bone meal .0 
Ground limestone | 
Salt 5 
Vitamin D, 90 1.U./Ib. 

Antibiotic,* 10 mg./Ib. 





Zinc, 33 ppm” 
Calcium 
Phosphorus 
Protein 





« Chlortetracycline. 
» By analysis, on dry matter basis. 
© Calculated. 


Pigs used in Experiment III were weanling Hampshire pigs. Allotment 
to experimental groups was done on the basis of body weight. The treat- 
ments were as listed: Lot I, basal plus zinc; Lots II and IV, basal; Lots 
III and V, basal autoclaved. Lots I, II and III were kept at the university 
swine barn, and Lots IV and V were kept in the large animal room of the 
university biochemistry building. 

In Experiment IV, 12 pigs approximately 7 months old and suffering 
with varying degrees of parakeratosis were allotted to the following three 
experimental treatments on the basis of skin rating and body weight: 
Lot I, basal plus 100 ppm of zinc; Lot II, basal; Lot III, basal autoclaved. 
These pigs were taken from another experiment, in which they had devel- 
oped parakeratosis over a 16-week period, and all were fed the basal 
ration (table 1) for a 1-month period prior to being placed on this 
experiment. 

In each of these four experiments pigs were weighed every 2 weeks 
and skin ratings given on the basis of the method outlined by Lewis et al. 
(1956). 
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Four pairs of weanling littermate pigs were used in a zinc balance 
study. One pair was used in each trial with one pig fed the autoclaved 
ration and the other fed the unautoclaved ration. Wooden metabolism 
cages, containing stainless steel open-mesh floors, were used in this study. 
Suspended under the floor was a polyethylene apron which served to collect 
the urine and feces. Food and water were available at all times. Some 
spillage of feed occurred, and care was taken to separate this from the 
feces. A record was kept of the amount of food spilled, and the food was 
accounted for when total consumption was determined. Water, zinc-free, 
obtained by passing distilled water through a mixed cation and anion 
exchange column, was given throughout the course of the experiment. The 
pigs were placed in the metabolism cages and given their respective exper- 
imental rations for a week prior to the start of the collection period. Total 
collections of feces and urine were made daily and placed in large Erlen- 
meyer flasks. The collection period was divided into two intervals con- 
sisting of the first 4 days and last 3 days of the collection week. During 
each collection period the total volume of feces and urine was measured, 
the mixture was homogenized in a Waring blender, and two aliquots of 
this were taken for zinc analysis. 

Studies of the autoclaved and natural rations were made by extracting 
10 gm. of feed for 1 hour with 100 ml. of zinc-free water at room tem- 
perature. The mixture was filtered, and analyses were made on the filtrate. 
pH adjustments were made with 1N zinc-free HCl. 

Zinc analyses were conducted essentially by the method described by 
Vallee and Gibson (1948) and Hoch and Vallee (1949). Phosphorus 
analyses were done by the method of Fiske and Subbarow (1925), and 
Phytin phosphorus analyses were done by the procedure outlined by Pons 
et al. (1933). Calcium was analyzed according to the methods outlined by 
the A.O.A.C. (1950). The data were analyzed statistically by methods 
described by Snedecor (1946) and Kramer (1956). 


Results 


The results of Experiments I and II are presented together in table 2, 
and the results of Experiment III are in table 3. For ease of comparison 
and because they show essentially the same results, these three experiments 
will be discussed together. The addition of zinc to the basal ration resulted 
in complete protection against parakeratosis and significantly improved 
weight gains over the nonsupplemented controls in all experiments. 

In Experiment I the feeding of the autoclaved ration (Lot 3), while it 
did not significantly improve weight gains, did appear to decrease slightly 
the severity of parakeratosis in comparison to pigs fed the basal ration 
(Lot 2). The addition of zinc to the autoclaved ration (Lot 4) improved 
weight gains only slightly. In Experiment II feeding the autoclaved ration 
(Lot 3) resulted in a significant increase (P<0.01) in average daily gain 
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TABLE 2. RESULTS OF EXPERIMENTS I AND II: THE INFLUENCE OF 
FEEDING AN AUTOCLAVED DIET ON THE DEVELOPMENT OF 
PARAKERATOSIS IN WEANLING PIGS 








Experiment * I I I I II II 
Lot 1 2 3 + 1 3 


Basal-++ 100 
Treatment Basal+-100 Basal, ppm of zinc, Basal+100 Basal, 
ppm of zinc Basal autoclaved autoclaved ppmofzinc Basal autoclaved 


Zinc, ppm of diet » 133 32 37 145 135 31 40 





No. of pigs 6¢ 74 6 6 6 
Initial wt., Ib. 37 35 36 36 7 
Av. daily gain, Ib. 1.50¢ 1.01 1.10 1.19 0. 
Av. skin rating at 

end of experiment 0 2.0 1.0 0 1.0 
Lb. feed/Ib. gain 3.44 3.70 3.84 3.94 ‘ 4.09 


78 





4 Duration of Experiment I was 18 weeks and Experiment II, 16 weeks. 
» By analysis, dry matter basis. 

¢ Two pigs died during the experiment. 

4 One pig died during the experiment. 

¢ Significantly greater than Lots 2 and 3 (P<0.05). 

ft Significantly greater than Lot 2 (P<0.01). 


over that of the basal ration (Lot 2) and also in complete protection against 
the appearance of any skin lesions. 

In Experiment III there was no difference in growth rate between the 
two groups receiving the basal ration (Lots 2 and 4). The pigs housed in 
the university swine barn and fed the autoclaved ration (Lot 3) had a 
lower incidence of, and less severe, parakeratosis and made faster weight 
gains than the pigs fed the basal ration (Lots 2 and 4). The increase in 


TABLE 3. SUMMARY OF EXPERIMENT * III, COMPARING TWO DIFFERENT 
ENVIRONMENTS AND AUTOCLAVED AND UNAUTOCLAVED RATIONS 
ON THE DEVELOPMENT OF PARAKERATOSIS IN SWINE 








Location Swine barn Biochemistry building 








Lot 1 2 a 5 


Basal+- 
Treatment 100 ppm Basal, Basal, 
of zinc Basal autoclaved Basal autoclaved 


Zinc, ppm of diet “ 136 





No. of pigs 

Initial wt., Ib. 

Av. daily gain, lb. 

Av. skin rating at end 
of experiment 

Lb. feed/Ib. gain 





* Duration of experiment was 12 weeks. 

> Significantly greater than Lots 2, 3 and 4 (P<0.01). 

¢ Significantly greater than Lots 2 and 4 (P<0.01) and Lot 3 (P<0.05). 
4 By analysis, dry matter basis. 
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average daily gain lies just outside the 5% level of significance. Pigs 
receiving the autoclaved ration and housed in the university biochemistry 
large animal room (Lot 5) exhibited an average daily gain significantly 
greater than the basal groups (Lots 2 and 4) (P<0.01), and the skin 
lesions were greatly lessened. Feed efficiency data, in general, followed a 
similar pattern to the average daily gain figures. In none of the com- 


Figure 1. Pigs in Lot 4, Experiment III, receiving the basal ration unautoclaved 
and showing typical symptoms of parakeratosis. 


parisons did the pigs fed the autoclaved ration gain as well as those fed 
supplemental zinc, nor was the protection against skin lesions as complete. 

Shown in figures 1 and 2 are the two groups of pigs housed in the large 
animal room of the biochemistry building. Figure 1 shows Lot 4 which 
received the basal ration unautoclaved. Figure 2 (Lot 5) shows those receiv- 
ing the same ration autoclaved. The differences between these two lots are 
readily apparent. Figure 3 shows the hogs housed in the university swine 
barn and fed supplemental zinc (Lot 1). All three pictures were taken 
after the animals had been on experiment for 10 weeks. It may be of 
interest to note that a high incidence of stomach ulcers was later found 
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Figure 2. Pigs in Lot 5, Experiment III, receiving the 
basal ration autoclaved and showing the general thriftiness 
of these animals. 


in the pigs in this experiment but could not be related to treatments. This 
problem is discussed elsewhere (Smith, 1959). 


In table 4 data are reported from Experiment IV in which an auto- 
claved ration was compared with zinc supplementation as a therapeutic 


Figure 3. Pigs in Lot 1, Experiment III, receiving the basal 
ration plus zinc. 
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TABLE 4. SUMMARY OF EXPERIMENT * IV, USING EITHER ZINC 
SUPPLEMENT OR AN AUTOCLAVED DIET TO CURE 
PARAKERATOSIS IN SWINE 








Lot 1 3 


Basal+ 100 Basal 
Treatment * ppm of zinc” autoclaved” 





No. of pigs 

Av. body wt., lb. 
Start 
End 

Av. daily gain, Ib. 
Start ° 
End 

Av. skin rating 
Start 
End 

Av. daily food intake, lb. 

Lb. feed/Ib. gain 





® Duration of experiment was 8 weeks. 

» Zinc content by analysis: Lot 1, 131 ppm; Lot 2, 33 ppm; Lot 3, 37 ppm. dry matter basis. 
¢ Average of daily gains for a 1-month period prior to the start of the experiment. 

4 Significantly greater than the basal lot (P<0.05). 


agent in curing established parakeratosis. The response of the parakeratotic 
pigs to either the zinc supplement or the autoclaved diet was rapid and 


dramatic. In both cases the pigs showed nearly parallel increases in average 
daily gain and decreases in the severity of parakeratosis. The untreated 
controls (Lot 2) showed some increase in growth rate during this period; 
however, the severity of parakeratosis increased in this lot. The initial 


TABLE 5. WEIGHT GAIN AND FEED INTAKE OF PIGS ON A ZINC 
BALANCE TRIAL 








Initial Av. daily Food Lb. feed 
weight, Ib. gain, lb.* intake, lb.* per Ib. gain* 





A. Pigs fed the basal diet autoclaved 
28 1.14 
51 
60 
58 
Av. 2,3 and 4 56 
B. Pigs fed the basal diet 
0.57 
1.28 
0.86 
4 0.86 
Av. 2,3 and 4 1.00 





* For the 1-week collection period. 
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weights of these pigs should be noted, since it is not uncommon that the 
effects of parakeratosis are lessened in pigs weighing 100 lb. or more. 

An inquiry as to how autoclaving exerts its beneficial results was con- 
ducted by a zinc balance trial. The growth and feed intake data are 
available in table 5. The data for each pig are presented, but the averages 
represent only the three values obtained from trials 2, 3 and 4. The two 
pigs used in trial 1 lost weight during the week immediately preceding the 
collection period. During the collection week, their gains did not quite 


TABLE 6. ZINC BALANCE DATA 








Zinc 
Zinc Zinc ex- Zinc Zinc content 
intake,mg. cretion,mg. retention,mg. retention, % of feces* 





A. Pigs fed the basal diet autoclaved 
171 9 
221 115 
261 127 
4 267 160 
Av. 2, 3 and 4 250 134” 


B. Pigs fed the basal diet 
150 —-49 
238 91 
325 89 
4 286 116 
Av.2, 3 and 4 283 99 





® mcg./gm. dry matter of feces. 
» Differs significantly from values in Part B (P<0.05). 


make up for the previous week’s loss in weight. It is because of this 
abnormal growth pattern that the data from this trial are not included 
in the averages. There was no difference in average daily gain, food intake, 
or feed efficiency during this 1-week trial between the pigs receiving the 
autoclaved or basal ration. In other experiments also it required more 
than 2 weeks for the differences between these rations to become apparent. 

Zinc retention data from the balance study are shown in table 6. It is 
readily apparent from the average figures that total zinc retention and 
percent zinc retention were improved while zinc concentration of feces and 
zinc excretion were lowered in those pigs receiving the autoclaved ration 
as compared to pigs receiving the basal ration. It is worthy to note here 
that these differences resulted while there was no difference in total zinc 
intake, food consumption, or rate of gain in body weight. Using the “T” 
test, statistical analyses of the various measurements in table 6 show 
significant differences at the P<0.05 level for zinc retention and zinc 
content of the feces. Measurements for zinc excretion and percent zinc 
retention show these differences to be significant at the level of P<0.2 
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and P<0.1, respectively. While indeed this is not a high level of sig- 
nificance for these last two measurements, it is of importance that in 
every trial the autoclaved ration gave increased values for total zinc 
retention and percent zinc retention, and lowered values for total zinc 
excretion and zinc concentration of the feces. The 7.9% difference in zinc 
retention amounts to 31% more zinc being retained by the pigs fed the 
autoclaved diet. This is in accord with the average increase in growth rate 
of 45% shown by pigs receiving the autoclaved diet in Experiments I, II 
and III. 

The results of analyses made on water extracts of the autoclaved and 
unautoclaved feed are shown in table 7. Differences in the amount of 


TABLE 7. PHOSPHORUS AND ZINC EXTRACTED FROM AUTOCLAVED AND 
UNAUTOCLAVED FEED * 








Percent of total Percent of 
phosphorus extracted total zinc extracted 
pH of — = 
extracting solution Autoclaved Unautoclaved Autoclaved Unautoclaved 











6.0 0.046 0.047 16.2 16.5 
0.045 0.056 16.7 16.7 
0.167 0.158 42.0 43.6 





* The Phytin phosphorus content of the autoclaved and unautoclaved feed was 0.253 and 0.262%, 
respectively. 


zinc or phosphorus extracted after 1 hour at pH 6.0, 5.2, or 2.5 are con- 
sidered negligible. Phytin phosphorus analyses of the autoclaved and 
unautoclaved feed also reveal no differences. 

Discussion. It has been demonstrated that pigs fed an autoclaved diet 
showed significant growth increases and a reduction in incidence and sever- 
ity of parakeratosis compared to pigs fed the same diet unautoclaved. The 
process of autoclaving appeared to increase the percent zinc retention. 
This increase in zinc retention was not accompanied by increased zinc 
availability as determined by water extraction of the feed. Lewis et al. 
(1957) have postulated that calcium with phosphorus may act to bind 
zinc in the gut, and this has been given as a possible reason for the 
deleterious effects of high calcium in the diets. In their in vitro work and 
an earlier report (Lewis et al., 1956, 1957), they indicated that the bind- 
ing of zinc by calcium phosphates was less in the presence of higher 
amounts of phosphate and that increased phosphorus levels may be of 
benefit in preventing parakeratosis. Smith (1959) has substantiated their 
hypothesis that elevated dietary phosphorus levels are of benefit in 
preventing parakeratosis. Because of this, it was thought that perhaps auto- 
claving was increasing the amount of available phosphorus; however, the 
analyses of Phytin phosphorus levels showed that there were no differences 
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between the autoclaved and unautoclaved feeds, nor were there any dif- 
ferences in the amount of water extractable phosphorus. 

The observation that autoclaving did not alter the amount of zinc 
extractable by water or dilute acid may point to the possibility that some 
indirect mechanism was working to increase zinc availability which was 
not detectable when extracts of the feed were made. It is possible that 
there was an effect on calcium availability. Any change in nutrient avail- 
ability could be interpreted to result in a differential rate of movement 
of this nutrient along the gastrointestinal tract. Differential movement 
rates of calcium and zinc have been suggested as a reason for differences 
in response of pigs to various methods of feeding (Lewis et @/., 1957). 

Certain proteins are known to contain peptides which may be released 
by enzymatic hydrolysis and which are strong sequestering agents for 
calcium (Reeves and Latour, 1958). It is within the realm of possibility 
that autoclaving makes available such compounds through protein de- 
naturation. Any substance which would tend to bind calcium rather than 
let it precipitate with the phosphates would conceivably allow more zinc 
to be available due to less zinc being bound to calcium containing pre- 
cipitates. Other possibilities are that autoclaving destroys an organism 
which could multiply in the gastrointestinal tract and bind zinc, or that 
the hydrolysis products of the autoclaved and unautoclaved diets in the 
intestine have different zinc binding properties. However, at present it is 
not possible to state the manner in which autoclaving of the feed increases 
zinc retention. 

The increased zinc retention shown by the pigs receiving the autoclaved 
diet is thought to be especially meaningful because this effect cannot be 
explained on the basis of increased growth or a greater zinc intake. Rather, 
it appears probable that autoclaving exerted a direct effect on zinc retention. 
This increase in zinc retention did not reflect itself in an increased growth 
rate over the short time interval of the experiment. This fact parallels the 
results obtained in earlier experiments. When an autoclaved ration was 
used, differences in growth rates did not become evident until the third 
and fourth weeks. It would appear then that, if continued on experiment, 
the pigs fed the autoclaved ration would have shown increased growth 
rates over the controls. 

It was not deemed desirable to limit food intake in this study since 
limited feeding can influence the development of parakeratosis (Lewis 
et al., 1957). Admittedly, it was fortuitous that there were no differences 
in feed intake or weight gains between the two different treatments in 
the balance study, and perhaps one should have taken steps to equalize 
feed intake and not have left it to chance. In this case any such procedure 
would have complicated the interpretation of the data as much as if the 
pigs had grown or eaten differently in this present experiment. 

The effect of feeding an autoclaved natural ration on swine parakeratosis 
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is of added interest, since the recent report of Kratzer e¢ al. (1959) has 
shown that autoclaving a purified soybean protein reduced the incidence 
of perosis in turkey poults. This same condition was cured by adding zinc 
to the purified ration. 


Summary 


Feeding pigs an autoclaved natural ration rather than the untreated 
ration was effective in increasing weight gains and feed efficiency, and 
decreasing the severity of parakeratosis. Both rations contained a some- 
what elevated level of calcium. When pigs were affected with parakeratosis, 
the autoclaved ration was found to approach the effectiveness of supple- 
mental zinc as a therapeutic agent. 

Pigs fed the autoclaved ration exhibited a greater zinc retention and a 
lowered zinc excretion per gram of feces. These effects appeared to be 
associated with an increased zinc availability rather than a secondary 
effect resulting from increased growth. Analyses of water extracts of auto- 
claved and unautoclaved feed showed no increase in zinc solubility due to 
autoclaving. 

The level of Phytin phosphorus or water extractable phosphorus was 
not changed upon autoclaving the diet. 
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a disease swine parakeratosis is readily recognized clinically; how- 
ever, attempts to correlate metabolic changes in parakeratotic pigs 
with the visual symptoms have not met with much success. Hvidsten et al. 
(1955) who studied the unsaturated fatty acids of blood serum from 
normal and parakeratotic pigs could not associate blood changes with 
parakeratosis. Hoekstra et al. (1956) observed that the plasma zinc con- 
centration, although influenced by the dietary zinc level, was not a good 
diagnostic aid for parakeratosis. The activity of the zinc-containing en- 
zymes, carbonic anhydrase and lactic dehydrogenase of whole blood, blood 
plasma, and red blood cells, does not appear to be decreased in parakera- 
totic pigs (Hoekstra et al., 1956; Lewis, 1958). Serum alkaline phosphatase 
has been reported to decrease in pigs suffering from parakeratosis (Hoefer 
et al., 1958; Luecke e¢ al., 1957, 1958; Newland e¢ al., 1958). Other work- 
ers have been unable to correlate serum alkaline phosphatase activity with 
parakeratosis (Stevenson and Earle, 1956) or with the zinc content of 
rations for pigs (Michna ef al., 1958) or chicks (Morrison and Sarett, 
1958). Stevenson and Earle (1956) reported that pigs suffering from 
parakeratosis exhibited a decreased serum albumin: globulin ratio but 
no change in total protein. It has been reported in humans (Lever e¢ al., 
1951) that certain skin diseases will cause an alteration in the serum 
protein fractionation pattern. 

The present study was undertaken (1) to verify the earlier report of 
Stevenson and Earle, and, if changes did occur in the serum proteins, to 
determine which components of the globulin fraction were being altered, 
and (2) to determine if they could be correlated with the development or 
alleviation of parakeratosis. 


Methods 


In a preliminary study, comparisons were made of the blood serum 
proteins of normal pigs (near market weight and receiving a zinc-supple- 
mented diet) and parakeratotic pigs (of the same age as the normal group 
and receiving the same diet unsupplemented with zinc) to establish average 
values for these two groups and to ascertain if differences existed. 


1 Published with the approval of the Director of the Wisconsin Agricultural Experiment Station, 
Madison. This work supported in part by a grant from the American Cyanamid Co., Pearl River, 
New York. 

2 This material is based upon part of a thesis submitted by the senior author in partial fulfillment 
of the requirements for the Ph.D. degree at the University of Wisconsin. Present address: Nutrition 
Research Department, Abbott Laboratories, North Chicago, Illinois. 

8 Departments of Animal Husbandry and Biochemistry, Madison. 
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In the first experiment changes in the serum electrophoretic patterns of 
pigs recovering from parakeratosis are reported. In this experiment, 12 
pigs with moderate to severe cases of parakeratosis were assigned to three 
different treatments (four pigs per lot) on the bases of body weight and 
skin rating. The basal ration has been given previously (Smith e¢ al., 
(1960). Pigs in Lot 1 received the basal ration plus 100 ppm of zinc; 
pigs in Lot II, the basal ration untreated; and pigs in Lot III, the basal 
ration autoclaved. 

Pigs were bled at weekly intervals according to the method of Carle 
and Dewhirst (1942). The serum was frozen until analyses could be 
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Figure 1. Typical serum fractionation pattern achieved by 
paper electrophoresis. 


made. A comparison of the analyses of fresh serum and the same sample 
after freezing indicated that there were no differences in the fractionation 
pattern due to freezing. Total protein determinations and chemical deter- 
minations of albumin and globulin were made by the biuret method of 
Kingsley (1941-42). 

Electrophoretic separations on paper were made in duplicate with an 
E.C. electrophoresis apparatus, using a Tris (hydroxymethyl) -amino- 
methane buffer adjusted with glacial acetic acid to a pH of 8.6 and an 
ionic strength of 0.016. Separations were carried out for 12 hours at 400 
volts with a current of 3 to 4 milliamps. Figure 1 illustrates the type of 
separation achieved. 

The staining procedure was one using bromphenol blue as outlined 
by Jencks et al. (1955) and modified by Block et al. (1958). The stained 
strips were examined visually and were cut into segments at the low point 
in color density between each of the four major serum protein fractions 
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(albumin, alpha-, beta-, and gamma-globulin). The fractions were then 
eluted over night with 0.1N sodium carbonate. After elution the eluates 
were diluted to an equal volume and the percent light transmittance read 
at 565 mp. in an Evelyn colorimeter. Tests on the stability of bromphenol 
blue under these alkaline conditions showed that there was no detectable 
loss in its color density over a 24-hour period. The percent of each fraction 
was obtained by adding the optical densities and dividing the optical 
density of each fraction by this total. 

In the second study, electrophoretic patterns were determined on a 
group of 38 weanling Hampshire pigs which were fed the following rations: 
Lot I, basal+-zinc; Lots III and V, basal autoclaved; Lots II and IV, 
basal untreated. Pigs in Lots I, II and III were housed in the swine barn 
and pigs in Lots IV and V were housed in the university biochemistry 
large animal room. Blood samples were taken every week for the first 
4 weeks, and thereafter every 2 weeks. The pigs were bled and the 
samples handled as described for the first experiment. For electrophoretic 
studies, two composite samples were made of the blood serum of each four 
pigs in Lots I, II and III. In each of Lots IV and V, one composite 
sample of serum was made from three pigs, and another composite was 
made of serum from four pigs. The analyses were then carried out in 
the manner described previously. 


Results 


Table 1 shows the results of a preliminary study in which both chemical 
and electrophoretic analyses of blood serum proteins from normal and 
parakeratotic pigs were compared. There was no difference in the total 
serum protein level between the normal and parakeratotic pigs; however, 


TABLE 1. SERUM PROTEIN FRACTIONS IN NORMAL AND 
PARAKERATOTIC PIGS 








A. Chemical analysis 





No. Total Albumin: 
Group of pigs protein* Albumin * Globulin * globulin 
Normal 5 6.95+0.06" 3.710.44 3.2540.09 12 
Parakeratotic 6 6.88+0.38 2.55+0.38 4.3120.35 0.6 





B. Electrophoretic fractionation 








Globulins 
No. 
Group of pigs Albumin ° Alpha * Beta ° Gamma ‘* 
Normal 12 33.620.7 24.9+0.6 18.1+0.6 23.4+1.0 
Parakeratotic 12 22.721 :5 26.9+1.1 14.2+0.6  36.2+1.6 





® Grams protein/100 ml. serum. 
» Standard error. 
¢ Expressed as percentage of total protein. 
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parakeratosis caused a reduction in the albumin level with a concomitant 
rise in the globulin level. These changes were reflected by the albumin: 
globulin ratio which dropped from 1.2 for normal pigs to 0.6 for the 
parakeratotic pigs. The albumin:globulin ratio given for normal pigs 
agrees with the data reported by Burnside (1952). Using the method 
outlined by Kingsley (1941-42), Burnside obtained values of 0.93 to 
1.11 for the albumin:globulin ratio of pigs with normal serum protein 
levels. The values are not in agreement with the work of Stevenson and 
Earle (1956) who reported an average albumin:globulin ratio of 0.68 


TABLE 2. SUMMARY OF ELECTROPHORETIC DATA FOR EXPERIMENT I 











Globulins 
No. of Av. skin Av. daily - Total 
weeks Lot@ rating gain, lb. Albumin, % Alpha, % Beta, % Gamma, % _protein* 
0 I 3.6 0.37 2257 26.5 15.6 35.3 7.14 
II 2.8 0.27 23.0 233 12.2 39.3 7.28 
Ill 2.8 0.32 24.5 30.2 13:7. 32.5 6.34 
1 I 3.6 2.00 26.4 26.6 LY ae | 29.6 
II 3.0 1.82 22.6 28.9 14.0 34.4 
Ill 2.8 1.78 23.2 28.9 FS.2 32.7 
3 I 2:5 1 77. 28.4 37.2 14.5 29.9 
II 2.6 0.70 20.2 27.0 15.4 36.4 
Ill 2.0 37 26.2 26.7 16.7 30.4 ae 
8 I 0.7 77 35.0” 24.6 15.0 25.4 7.52 
II bP 0.70 26.2 29.0 13.4 31.4 7.19 
Ill a 1.58 31.4 27.4 16.3 24.9 7.24 





® Rations were as follows: Lot I, basal plus 100 ppm of zinc; Lot II, basal; Lot III, basal autoclaved. 
» Significantly greater than Lot II, and Lot I at 0 weeks. 
© Grams protein/100 ml. serum. 


for normal pigs and 0.39 to 0.15 for parakeratotic pigs depending on 
how long the pigs had been suffering from the disease. Nevertheless, the 
relative change is the same in that the parakeratotic pigs showed a decrease 
of about 50% in the albumin: globulin ratio in both the experiment re- 
ported here and in the work of Stevenson and Earle (1956). 

The albumin:globulin ratio obtained chemically is greater than the 
ratio obtained by electrophoretic analysis. This is due, in part, to inherent 
differences in the specificity of the two methods. Electrophoretic analysis 
is capable of giving a much more complete separation of the serum protein 
fractions than the chemical precipitation methods. In the Kingsley 
(1941-42) method it is quite possible that some of the globulins were 
being co-precipitated with the albumin. Knill et al. (1958) have indicated 
that the separation of albumin by precipitation with 23% sodium sulfate 
results in the removal of alpha,-globulin from solution. 

The results obtained from electrophoretic analyses of serum protein 
from both normal and parakeratotic pigs also are shown in table 1 (part B). 
The most striking differences occurred in the percentages of albumin and 
gamma-globulin. The albumin level in normal pigs was 34% compared 
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to 23% for the parakeratotic pigs while the gamma-globulin level in the 
two groups was 23% and 36%, respectively. The minor differences which 
are shown here for the alpha- and beta-globulin levels were not considered 
significant. Values observed for alpha- and beta-globulins in subsequent 
experiments have been found not to differ between normal and parakerato- 
tic pigs. 
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Figure 2. Changes in serum protein fractions in pigs recover- 
ing from parakeratosis in Experiment I (Lot 1). 


In table 2 are listed the electrophoretic data, the average daily gain and 
average skin rating figures for Experiment I. The data represent the 
average of four pigs from each lot. The average daily gain and skin rating 
data have been discussed elsewhere (Smith et al., 1960) and will not be 
discussed here. The albumin level in the zinc-supplemented group (Lot I) 
showed a significant increase at the end of the experiment as compared 
to its original level and to the albumin level of the basal untreated group 
(Lot II). The decrease in the gamma-globulin level in Lot I was not 
significantly different statistically from that in Lot III. This is explained 
partially by the fact that the gamma-globulin level in Lot II also exhib- 
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ited a trend toward normal. Nevertheless the trend toward a lower gamma- 
globulin level in the zinc treated pigs (Lot I) was definite. The increase 
in albumin level and the decrease in gamma-globulin level in the pigs 
receiving the autoclaved ration, which also alleviated the parakeratosis 
(Lot III), followed a trend similar to that exhibited by pigs fed supple- 
mental zinc. There were no significant changes in the alpha- and beta- 
globulin levels in any of the lots during the course of the experiment, nor 
were there any changes in the total serum protein levels. The albumin 


TABLE 3. SUMMARY OF ELECTROPHORETIC DATA FOR EXPERIMENT II 























Globulins 
No. of Av. skin Av. daily Albumin, Alpha, Beta, Gamma, 
weeks Lot* rating gain, lb. % % % % 
I 0 25.0 26.4 16.5 32.1 
III 0 21.8 27.0 19.3 31.9 
V 0 28.0 24.4 16.4 $12 
Av. 0 24.9 25.9 17.4 NA a 
0 
II 0 pak 22:6 28.8 18.2 30.3 
IV 0 EA 27.0 28.0 15.1 29.9 
Av. 0 eek 24.8 28.4 16.6 30.1 
I 0 —0.30 23.3 28.4 19.4 29.0 
III 0 —0.39 18.4 27.0 19.4 35.0 
V 0 0.73 20.2 31.3 16.4 32.2 
Av. (¢) 0.01 20.6 28.9 18.4 34:1 
1 
II 0 —0.39 21.0 31.4 17.1 30.5 
IV 0 0.64 24.0 253 yi 29.6 
Av. 0 0.12 Za.5 28.4 19.2 30.0 
vt 0 1.06 21.5 23.4 17.6 37.4 
III G.2 0.56 16.4 28.4 18.0 3720 
Vv 0 0.92 21.3 27.8 18.8 32.2 
Av. 0.07 0.85 19.7 26.5 18.1 35:5 
8 
II 3.4 0.41 17.4 23.6 18.4 40.6 
IV 3.4 0.40 19.4 26.3 16.3 37.4 
Av. 3.4 0.40 18.4 25.0 17.4 39.0 
I 0 1,21 24.2 25.6 18.0 32.1 
III 0.8 0:71 26.6 2832 18.6 $157 
V 0.4 1.03 31.4 25.6 17.6 25.4 
Av. 0.4 0.98 27.4 24.8 18.1 29.7 
12 
II 3.8 0.38 24.0 24.4 16.6 34.9 
IV 4.0 0.39 20.7 24.2 19.8 35.5 
Av. 3.9 0.38 22.4 24.3 18.2 35.2 





* Rations were as follows: Lot I, basal plus 100 ppm of zinc; Lots III and V, basal autoclaved; 
Lots II and IV, basal. Lots I, II and III were housed in the swine barn, and Lots IV and V were 
housed in the biochemistry large animal room. 
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and gamma-globulin levels in the untreated pigs (Lot II) showed no 
significant changes throughout the course of the experiment. 

Figure 2 is a graphic presentation of the changes which occurred in the 
serum protein fractions of the zinc-treated pigs (Lot I). Here the com- 
plementary and rather marked changes in albumin and gamma-globulin 
levels as compared to the minor variations in the alpha- and beta-globulin 
levels are apparent. 

The electrophoretic data from Experiment II are presented in table 3. 
The data are given for the start, first, eighth and twelfth week of the 
experiment. The results here clearly show that the serum protein pattern 
was not pathognomonic for swine parakeratosis since the values obtained 
for pigs receiving zinc (Lot I) did not differ from those for parakeratotic 
pigs (Lots II and IV). Abnormal protein fractionation patterns occurred 
also in all groups of pigs at the beginning of the experiment. It was 
observed, however, that the alpha- and beta-globulin levels tended to 
remain close to normal as was found in Experiment I (table 2); whereas, 
the most marked shifts were seen in the albumin and gamma-globulin 
levels. 

The pigs in Lot I, receiving the zinc supplement, appeared normal 
throughout the experiment, yet their serum protein distribution pattern 
remained essentially unchanged and very similar to pigs with severe 
parakeratosis (Lot II). There is no ready explanation for the persistent 
abnormal serum protein distribution pattern in Lot I, nor for the abnormal 
pattern exhibited by all of the lots at the beginning of the experiment. 
One explanation could be that these animals were suffering from a chronic 
infection not grossly determined. 

A possible explanation for the abnormal serum protein patterns was 
brought forth after these pigs had been placed on another experiment and 
slaughtered. Stomach ulcers were diagnosed in a total of 25 of the 38 
pigs, and about one-third of these cases resulted in death from hemorrhage. 
It is possible that the presence of stomach ulcers influenced the serum 
protein distribution pattern. Admittedly, there is no way of knowing how 
many, if any, pigs were suffering from stomach ulcers during the course 
of this present experiment; however, one pig from Lot I and one from 
Lot II began to lose weight after being on the experiment for 10 weeks, 
and later both died as the result of ulcers. It is quite possible that other 
pigs were also suffering from ulcers. 

The ulcerations occurred in the glandless area at the opening of the 
esophagus into the stomach. Since ulcerations could give a very convenient 
portal of entry for any infectious agent which might be carried by the 
feed. An infection could easily alter the serum protein pattern. Another 
indication of a possible chronic infection in this group of pigs was evident 
upon examination of the weight gains of the zinc-supplemented pigs (Lot 
I). Their average daily gain (1.21 lb./day) was decidedly lower than that 
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of the pigs receiving this same diet previously (1.40 lb./day). The ulcer 
data are discussed elsewhere (Smith, 1959). 

Figure 3 illustrates the trends in albumin and gamma-globulin levels 
for pigs in Lots I, III and V (receiving zinc-supplemented or autoclaved 
diets) and Lots II and IV (receiving the basal ration untreated). It ap- 
pears from these data that the pigs receiving the zinc-supplemented or 
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Figure 3. Summary of changes in serum protein fractiona- 
tion pattern of pigs in Experiment II. The data for the zinc- 
supplemented lot (Lot I) and the two autoclaved lots (Lots 
III and V) are averaged together, as are the data for the 
two basal lots (Lots II and IV). The changes in alpha- and 
beta-globulin levels are representative of the changes which 
occurred in all five lots. 


autoclaved diets were experiencing a return of their albumin and gamma- 
globulin levels toward normal, while there still existed a wide divergence 
in the albumin and gamma-globulin levels for the parakeratotic pigs. 
Discussion. The electrophoretic patterns of serum proteins observed in 
pigs with parakeratosis were of little or no diagnostic value and in this 
study could not be closely correlated with changes in the severity of 
parakeratosis. In all parakeratotic pigs in this study, the serum protein 
pattern showed decreased albumin and increased gamma-globulin, but 
these alterations were definitely not specific for parakeratosis. From 
the slow response in serum proteins toward normal, which accompanied 
the marked and immediate response from zinc in body weight gain in 
Experiment I, it can be suggested that the altered serum protein patterns 
probably resulted from a secondary effect such as increased susceptibility 
to invasion by infectious organisms. It may be that the parakeratotic pigs’ 
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large increase in gamma-globulin is a defense mechanism. It is true that 
these parakeratotic pigs have a marked ability to live in spite of their 
severely emaciated condition. 

Lever et al. (1951) have pointed out that the blood serum electrophoretic 
patterns of humans suffering from cutaneous diseases are reflections of 
the patient’s reaction to the disease and are not satisfactory as a diagnostic 
tool. Vesselinovitch (1959) has reviewed the changes which occur in 
the serum protein distribution pattern of domestic animals suffering from 
various diseases. No mention was made of skin diseases in his review. The 
role, if any, that zinc plays in determining serum albumin or globulin 
levels is not at all clear, but this work does not point to a close relationship. 
Reports in the literature (Berfenstam, 1952; Gilbert and Taylor, 1956; 
Vikbladh, 1951) indicate that zinc is associated with the albumin and 
globulin fractions. We are unaware of any reports of the serum protein 
distribution pattern in animals suffering from a zinc deficiency other than 
the report of Stevenson and Earle (1956). A pilot study conducted with 
two groups of laying hens, one on a low zinc diet and the other on a 
high zinc diet, indicated that there were no differences in the serum 
protein distribution of these two groups. 


Summary 


Studies of the blood serum proteins of parakeratotic pigs compared 
to normal pigs showed that there was no change in total serum protein, 
that there was a definite decrease in the albumin:globulin ratio, and that 
this was brought about mainly by a decrease in albumin with a parallel 
increase in gamma-globulin. The amounts of alpha- and beta-globulins 
were essentially the same for normal and parakeratotic pigs. The altered 
serum electrophoretic pattern was not a good diagnostic aid for parakera- 
tosis, since there appeared to be other factors which altered the pattern 
in the same direction as did parakeratosis. It is suggested that zinc defi- 
ciency, per se, is not directly involved in the altered serum protein pattern 
of parakeratotic pigs but that such alterations result instead from an 
increased susceptibility to invasion by infectious agents. 
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EVALUATION OF OLEANDOMYCIN IN LAMB FATTENING 
RATIONS 


W. H. Hate, W. C. SHERMAN, H. G. LUTHER AND W. M. REYNOLDS 
Chas. Pfizer & Co., Inc., Terre Haute, Indiana 


ALE et al. (1959) reported that oxytetracycline fed at the level of 
15 gm. per ton of total ration increased rate of gain of fattening 
lambs by 13% with a 6% improvement in feed efficiency. Similar response 
of lambs to chlortetracycline has been reported by Jukes (1955). The 
studies reported herein were to determine the effect of feeding various 
levels of the antibiotic oleandomycin to fattening lambs. Preliminary re- 
ports of these studies have been presented by Reynolds e¢ al. (1958) and 
Crawford et al. (1959). In certain of the experiments observations were 
made of the effect of antibiotic feeding upon the incidence of urinary 
calculi. 


Methods 


The wether lambs used in these experiments originated in Texas. They 
were vaccinated for enterotoxemia prior to the start of the experiments. 
During the experimental period they were self-fed 34-inch pellets formu- 
lated as shown in table 1. The ration alterations made between experiments 
were for the purpose of developing a pellet with satisfactory physical 
properties. Trace mineralized salt was offered free choice. During a pre- 
experimental adjustment period the lambs were fed a high-roughage pellet. 
During the experimental period they were hand-fed for 4—7 days and then 
self-fed. The antibiotics for the treatment groups were incorporated into 
their pelleted rations. Animals were allotted at random into treatments 
from outcome groups based upon weight. 

All lambs were individually weighed at the start of the experiments 
and every 14 days thereafter. Carcasses were evaluated to the nearest 
one-third of a grade. The control data of experiment 1 appeared in a 
study of other treatments previously reported (Hale et al., 1959). In all 


TABLE 1. BASAL RATIONS FED EXPERIMENTAL LAMBS 


Experiment no. land 2 3 4 5 





Sun-cured alfalfa meal, 13%, % 35 35 3: 35 
Cane molasses, % 

Ground yellow corn, % 53 : 55 53.5 
Urea, % 
Bone meal, % 
Bentonite, % 
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TABLE 2. EFFECT OF OLEANDOMYCIN AND OXYTETRACYCLINE ON 
FATTENING LAMBS 














SNe ~ Feed 
Antibiotic, gm./ton No. of Av. initial Av.daily Av. daily per lb. Dressing » 
of complete feed lambs*  wt., Ib. gain, lb. feed, lb. — gain, Ib. % 





Experiment 1-63 days 
None (Rep. 1) 12 76. 0.562 3.86 6.88 
None (Rep. 2) 12 77. .554 3.91 7.07 
Oleandomycin, 2 gm.4 12 76. .644* 3.90 6.06 
Oleandomycin, 15 gm.4 11 78% .556 3.89 7.00 
Oxytetracycline, 15 gm. 12 79. .571 4.01 7.02 


Experiment 2—53 days 
None (Rep. 1) 11 88. .693 4.66 6.72 
None (Rep. 2) 12 85. .684 4.30 6.28 


Oleandomycin, 2 gm.4 12 86. Pea 4.82 6.77 
Oxytetracycline, 15 gm. 12 85. .642 4.59 7.16 
Experiment 3-56 days 
None (Rep. 1) 12 70. .338 3.35 9.91 
None (Rep. 2) 11 69. Py | 3.38 10.86 
Oleandomycin, 2 gm.4 12 73; .376 3.41 9.07 
Oleandomycin, 2 gm.° 11 70. .365 3.39 9.18 
Oleandomycin, 6 gm.°¢ 12 70. .420 3.54 8.43 
Oxytetracycline, 15 gm. 11 69. .380 3.22 8.49 
Experiment 4-83 days 
363 Ye | .09 
.330 2.63 .98 
.383* 2.88 oa 
.376* 2.86 61 
Po iad 2.97 .83 
“aaa 2.72 .30 
425° 2.84 .69 
.460* 3.01 6.54 


Experiment 5-68 days 


None (Rep. 1) 11 75. .314 3.04 9.68 j 
None (Rep. 2) 10 12% .326 91 8.90 44.14 -40 


2 

Oleandomycin, 2 gm. 12 76. .366 3.36 9.20 44.48 6.92 
3 
3 


None (Rep. 1) 9 ans 
None (Rep. 2) 11 70. 
Oleandomycin, 2 gm. 10 Vie 
Oleandomycin, 6 gm.* 11 70. 
Oleandomycin, 15 gm.¢ 12 69. 
Oleandomycin, 2 gm.‘ 11 73 
Oleandomycin, 6 gm.‘ 10 71 
Oxytetracycline, 15 gm. 12 68. 


AOFPUNUBRA ww 


Oleandomycin, 6 gm. 11 75. .390 .29 8.44 46.14 .00 
Oxytetracycline, 15 gm. 11 74. 388 oad 8.43 45.39 7.18 





* Twelve lambs per pen started. 

» Based on last experimental weight and cold carcass weight for Experiments 1, 2, and 5. In Experi- 
ments 3 and 4 warm carcass weights used. 

© Numerical grade: Low choice 10, high good 9, average good 8, low good 7. 

4 Crystalline oleandomycin. 

¢ Crude precipitate of oleandomycin. 

f Feed grade oleandomycin. 

*P=0:05. 


experiments 12 lambs were started per treatment and the data corrected 
for animals removed because of death or, in experiments 4 and 5, because 
of development of urinary calculi. Treatments are presented in table 2 
together with rate of gain, feed efficiency, dressing percent and carcass 
grade. 


Results and Discussion 


Experiment 1. Oleandomycin at the level of 2 gm. per ton of feed in- 
creased rate of gain by 15% (P=0.05) and improved feed efficiency but 
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did not affect dressing percent or carcass grade. The 15-gm. level of 
oxytetracycline * had little effect upon gain. 

Experiment 2. The 2-gm. level of oleandomycin improved gains slightly 
but improved carcass grade significantly (P—0.05). In this experiment 
the gains of lambs on oxytetracycline were not as satisfactory as those 
of the controls. 

Experiment 3. Both crystalline oleandomycin and a crude precipitate 
of the antibiotic were tested. The 2-gm. level of either type gave a small 
weight gain response. The 6-gm. level of the crude precipitate resulted in 
a 22% increase in gain. Growth responses with 15 gm. of oxytetracycline 
were similar to those with the 2-gm. level of oleandomycin. The 6-gm. level 
of oleandomycin increased dressing percent, while all three treatments 
of oleandomycin alone appeared to improve grade. 

Experiment 4. A crude oleandomycin precipitate and a feed grade mate- 
rial were used in this experiment. Growth rate was increased significantly 
by all antibiotic supplements. Although the 6-gm. level of the feed grade 
oleandomycin gave the largest response, a statistical analysis revealed no 
difference between the two grades of antibiotic product. There was little 
difference in growth response among the three levels of crude precipitate 
tested; however, with the feed grade product, the 6-gm. level gave a size- 
able response over the 2-gm. level. Oxytetracycline, at 15 gm. per ton, 
gave the largest response of any treatment, although in the first three 
experiments oxytetracycline did not prove as satisfactory as oleandomycin. 

One of the control replicate groups was retained for additional study; 
therefore, carcass data are not available for this replicate. While there are 
some variations, the oleandomycin treatments appeared to improve dress- 
ing percent and carcass grade. Feed efficiency appeared to be little affected, 
except that there was an improvement with the 6-gm. level of the feed 
grade oleandomycin and the oxytetracycline. 

Experiment 5. Only feed grade oleandomycin was used in this experi- 
ment. Responses to the 6-gm. level of oleandomycin and the 15-gm. level 
of oxytetracycline were similar and larger than the response to the 2-gm. 
level of oleandomycin. The 6-gm. level of oleandomycin and the 15-gm. 
level of oxytetracycline improved feed efficiency and the 6-gm. level of 
oleandomycin markedly improved carcass grades over the controls. 

A summary of treatment effects based on pooled data of all experiments 
is presented in table 3. The 2-gm. per ton level of oleandomycin increased 
rate of gain by 9.6% and improved feed efficiency by 5.4%. There was 
a tendency for improvement in dressing percent and carcass grade. The 
6-gm. per ton level of oleandomycin improved rate of gain by 18.9% and 
improved feed efficiency by 9.6%. Dressing percent and carcass grades 
were improved substantially by the 6-gm. level. Since there were only two 
treatments of oleandomycin at 15 gm. per ton, there were not sufficient 
data for valid conclusions regarding the efficacy of this level; however, it 


1 Terramycin, Chas. Pfizer & Co., Inc. 
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TABLE 3. SUMMARY OF EFFECT OF OLEANDOMYCIN AND OXYTETRA- 
CYCLINE ON RATE OF GAIN, DRESSING %, GRADE AND FEED 
EFFICIENCY OF LAMBS 








Increase Dressing Improvement 
Antibiotic per ton No. of No. of in rate %, aiff. Grade, diff. in feed 
of complete feed controls treated of gain,% fromcontrol fromcontrol efficiency, % 





Oleandomycin, 2.0 gm. ‘ +0.05 +0.28 5.4 
Oleandomycin, 6.0 gm. ; +1.07 +0.54 9.6 
Oleandomycin, 15.0 gm. . +0.27 —0.25 —1 
Oxytetracycline, 15.0 gm. 2 —0.25 —0.08 6 


8 
.0 





would appear that this treatment level was not as satisfactory as the 2-gm. 
or 6-gm. level. Additional experimental work is needed to determine 
the optimum level of oleandomycin required for maximum improvement 
in rate of gain. 

The 15-gm. level of oxytetracycline increased rate of gain by 12% and 
improved feed efficiency by 6%. These values are similar to those reported 
earlier by Hale et al. (1959). Dressing percent and grade appeared to be 
affected little by the oxytetracycline feeding, although the average values 
are slightly below those of control groups, which is in contrast with an 
earlier report (Hale et al., 1959) in which the values are slightly higher 
than those of the controls. 

Of special interest was the consistency of the oleandomycin supple- 
mentation in promoting increased weight gains. Of further interest was 
the effectiveness of oleandomycin at levels substantially below those usually 
recommended for supplementation of lamb rations with the tetracyclines. 

In experiments 4 and 5, several of the lambs developed urinary calculi 
as assessed by appearance of edema in the abdominal area, lack of urina- 
tion and necropsy examination. The observations on calculi in experiments 
4 and 5 were of chance occurrence as no attempt was made to produce 
the condition. Nevertheless, the incidence of calculi did present an oppor- 
tunity to study the effect of antibiotics on this condition. The results of 
the observations are presented in table 4. For convenience the data from 
experiments 4 and 5 were combined. The antibiotic treatments have been 
combined by level rather than by type of antibiotic since both oleandomycin 
and oxytetracycline appeared to control effectively the condition at a 
level of 15 gm. per ton. The effect of antibiotic supplementation on reduc- 
tion of the incidence of urinary calculi approached significance at the 5% 


TABLE 4. THE EFFECT OF ANTIBIOTICS ON URINARY CALCULI IN LAMBS 








No. Percent 
Treatment No.oflambs_ with calculi affected 





None 48 7 14.6 
Antibiotic, 2-6 gm./ton 72 7 9.7 
Antibiotic, 15 gm./ton 36 1 2.8 
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level (P=.07) when tested by chi square. Necropsy of lambs suffering 
from urinary calculi revealed urinary tract infection, but whether or not 
this infection predisposed the lambs to urinary calculi is not known. There 
is no reason to suspect that the type of ration was involved in development 
of the urinary calculi. Packett e¢ al. (1958) reported that chlortetracycline 
appeared to offer some protective action against urinary calculi with 
animals fed a ration that would produce a high incidence of calculi. 


Summary 


Five lamb feeding experiments were conducted to determine the effect 
of oleandomycin supplementation on weight gains, feed efficiency, dressing 
percent and carcass grade. During the experimental period all lambs were 
self-fed a pelleted high-grain ration. In seven treatment groups lambs fed 
a ration containing 2 gm. of oleandomycin per ton outgained the controls 
by an average of 9.6% with a 5.4% average improvement in feed efficiency. 
In four treatment groups 6 gm. per ton resulted in an 18.9% increase 
in rate of gain and a 9.6% improvement in feed efficiency. Dressing percent 
and grade were improved with the 6-gm. level. In five treatment groups, 
15 gm. per ton of oxytetracycline increased gain by 12% with a 6% 
improvement in feed efficiency. In two of the experiments urinary calculi 
occurred and both oleandomycin and oxytetracycline at 15 gm. per ton 
substantially reduced the incidence of this condition. 
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EFFECT OF CHEMICAL AND ENZYMATIC AGENTS ON THE 
FORMATION OF URINARY CALCULI IN FATTENING 
STEERS 


H. R. CrooKsHANK, F. E. Keatinc, Eart BurNeETT, J. H. JONES AND 
R. E. Davis! 


United States Department of Agriculture and the Texas Agricultural 
Experiment Station 


tome occurrence of urinary calculi is rather common in steers in the 
Southwest, especially in steers fattened on milo grain, cottonseed meal 
and sorghum silage. Previous work has shown that the addition of mag- 
nesium and calcium carbonate to the ration increases calculi formation 
and that the addition of bonemeal and phosphoric acid tends to decrease 
but does not prevent it (Black et al., 1947; Jones et al., 1950, 1951). 

Contradictory results have been obtained in previous tests at the Big 
Spring Field Station when cottonseed hulls were used to replace a portion 
of the silage (Jones e¢ al., 1953). The hulls contain much less silica than 
does silage and by inference might be expected to reduce the incidence 
of calculi, but no definite conclusions may be drawn because of the limited 
and conflicting data. 

The use of hyaluronidase in human medicine has shown promise in 
controlling urinary calculi (Butt et al., 1952). In a few tests with sheep, 
hyaluronidase markedly reduced the crystalline material in the urine 
(Putriano, 1954, 1955). Chemicals which control urine acidity have been 
used in the treatment of calculi. Both ammonium chloride and hya- 
luronidase have been used successfully in the treatment of urinary calculi 
at a local veterinary clinic at Amarillo, Texas. The present work was 
undertaken to determine the effect of, ammonium chloride, hyaluronidase 
and phosphoric acid on the formation of urinary calculi and to resolve 
the conflicting results observed when cottonseed hulls were substituted for 
silage in the ration. 


Experimental 


A three-year study was completed in May, 1958 at the Big Spring Field 
Station, Big Spring, Texas. Eight lots of eight steers each were used 
each year. Four lots received a basic ration of ground milo grain, sumac 
silage, cottonseed meal and alfalfa hay while for the other four lots, cotton- 


1 Respectively, Beef Cattle Research Branch, Animal Husbandry Research Division, A.R.S., College 
Station, Texas; formerly, Western Soil and Water Management Branch, Soil and Water Conservation 
Research Division, A.R.S., deceased; Western Soil and Water Management Research Branch, Soil and 
Water Conservation Research Division, A.R.S., Big Spring Field Station, Big Spring, Texas; Depart- 
ment of Animal Husbandry, Texas Agricultural Experiment Station, College Station, Texas; Beef 
Cattle Research Branch, Animal Husbandry Research Division, A.R.S., Agricultural Research Center, 
Beltsville, Maryland. 
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TABLE 1. AVERAGE URINARY PH OF STEERS ON DIFFERENT 
TREATMENTS * 








Year Initial 28 Days 56Days 84Days 112 Days 140Days 168 Days 196 Days 





Lot 1, silage-control 
1954-55 .13 .30 8.08 8.15 7.70 .60 
1955-56 .60> -65 8.38 8.34 8.76 ad 
1957-58 .35 .95 7.65 8.25 7.60 83 


Lot 2, silage-hyaluronidase 
1954-55 .39 .30 8.10 8.20 7.84 .04 
1955-56 .60> .63 8.50 8.44 8.35 .53 
1957-58 .38 .45 8.18 8.19 7.83 .95 


Lot 3, silage-ammonium chloride 
1954-55 .78 - 63 7.74 7.00 6.54 .43 
1955-56 .60> 135 8.21 8.26 7.85 .68 
1957-58 .24 15 6.93 7.56 6.93 15 


Lot 4, silage-phosphoric acid 
1954-55 41 .79 7.89 8.05 6.78 .07 
1955-56 .60» .20 8.49 8.45 8.57 .55 
1957-58 54 .39 8.18 8.38 7.90 43 


Lot 5, hulls-control 
1954-55 .09 .18 8.33 8.20 7.83 .18 
1955-56 .60> .63 8.63 8.55 8.18 31 
1957-58 54 .39 8.18 8.38 7.90 13 


Lot 6, hulls-hyaluronidase 
1954-55 .20 .23 8.39 8.09 8.08 .60 
1955-56 .60> .65 8.45 8.28 8.21 .93 
1957-58 33 .35 8.13 8.38 7.48 33 


Lot 7, hulls-ammonium chloride 
1954-55 .26 ‘ 8.35 7.01 7.80 - 66 
1955-56 .60> ; 8.28 8.21 8.30 -60 
1957-58 .33 : 7.50 6.68 6.30 .67 


Lot 8, hulls-phosphoric acid 
1954-55 7.58 8. 7.85 7.88 7.54 .49 : 5 ate 
1955-56 8.60> 8. 8.43 7.98 7.84 71 ‘ 38 
1957-58 8.23 8 7.53 7.98 7.43 .65 be ae 


5 





@ Single urine samples taken at 28-day intervals from four steers per lot. 
> Inclement weather prevented sampling 50% of animals on test. Value is average of those sampled 
(25%). 


© Inclement weather prevented any sampling. 


seed hulls replaced a small portion of the silage. One lot on each ration 
received no supplement; a second lot received an injection of 1500 turbidity 
reducing units (TRU) of hyaluronidase? at the start and at the end of 
90 days on test; a third lot was given 90 gm. of ammonium chloride per 
head daily in the ration; and, a fourth lot received 52 ml. (approximately 
80 gm.) of phosphoric acid per head daily in the ration. pH was deter- 
mined on single samples of urine collected at 28-day intervals. These were 
not 24-hour samples, but were from the same animals each time and as 
nearly as possible collected the same time of day. The results shown in 
table 1 are the average of four steers from each lot. The collection apparatus 
was not elaborate and consisted of a plastic freezer bag—broiler size— 
wrapped around a wire loop and held on with small binder clamps and 


2 Furnished by Wyeth Laboratories, Philadelphia, Pennsylvania. 
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tied over the back of the steer. The steer was driven into a chute and the 
apparatus put in place. The steer was then placed in a holding pen until 
the sample was obtained, usually within 30 minutes. As soon as the 
sample had cooled to room temperature, the pH was determined using 
a pH meter. 


TABLE 3. BLADDERS AT SLAUGHTER CONTAINING STONES, “POTENTIAL 
CASES” * AND TOTAL pH CHANGE” 








Bladders Bladders 
containing Potential Total pH containing Potential Total pH 
stones cases change stones cases change 





Lot 1, silage-control Lot 2, silage-hyaluronidase 
2 .4 5 : —0.59 

2 .0 7 —0.27 

4 5 8 —0.43 


13 8 Av. poe 20 17 Av. —0.43 


Lot 3, silage-ammonium chloride Lot 4, silage-phosphoric acid 
3 1 —0.44 1 0 

2 0 —0.24 3 —0.17 

1 


3 
5 

1 —1.09 1 1 -1.33 
9 


6 2 Av. —0.59 5 Av. —0.50 
Lot 5, hulls-control Lot 6, hulls-hyaluronidase 
3 —0.64 4 4 
3 —0.11 4 4 
5 0.41 rf 5 


14 11 Av. —0.31 15 13 


Lot 7, hulls-ammonium chloride Lot 8, hulls-phosphoric acid 
3 3 —0.88 > 2 —0.38 
2 1 —0.77 2 0 —0.28 
2 0 —1.66 a 0 —0.58 


4 Av. —0.52 9 Av. —0.41 





® Potential cases—Bladder contained 0.1 gm. or more of stones. 
» Total pH change—Difference in initial and final pH values. Negative sign indicates change to 
lower pH. 


When the feeding period was completed, the steers were slaughtered, 
and the bladders examined for stones. The stones were filtered off, allowed 
to air-dry and weighed. The amounts of stones isolated from steers in 
each lot are given in table 2. 

In addition to noting the total number of animals in each lot whose 
bladders contained stones and the amounts found in each bladder, those 
bladders containing 0.1 gm. or more of stones were classified as “potential 
cases”. These results are summarized in table 3 along with the total 
change in urine pH for the ration fed. 





URINARY CALCULI 


Results and Discussion 


Hyaluronidase, as used, did not prevent stone formation while both 
ammonium chloride and phosphoric acid sharply reduced stone formation. 
Apparently the relatively small amount of hulls used had little, if any, 
effect. None of the additives had any effect on appetite, feed consumption 
or carcass quality. 

It should be noted that there is a good possibility that stones had 
already started to form prior to the experimental feeding period. In a 
previous test, one animal from each lot was slaughtered at the start of 
the test. Varying amounts of stones were found in the bladders of seven 
out of eight steers (Black et al., 1947). 

Apparently the injection of hyaluronidase did not afford the protection 
observed by Puntriano (1955) wherein he used three implants of hyal- 
uronidase pellets at monthly intervals. The reduction in stone formation 
found when phosphoric acid was added to the ration was in agreement 
with previous work at the Big Spring Station (Black et al., 1947; Jones 
et al., 1950, 1951). Ammonium chloride appears to be equal to or perhaps 
slightly more effective than phosphoric acid in decreasing the formation 
of urinary calculi. In addition, it has the advantage of being more easily 
handled. 

During the three periods of experimental feeding, a total of three clinical 
cases of calculi developed. They were distributed as follows: 1954—55, no 
cases; 1955-56, silage ration, phosphoric acid supplement, one case and 
hulls ration, hyaluronidase injection, one case; and 1957-58, hulls ration, 
hyaluronidase injection, one case. The stones collected from these three 
cases were included in the data given in tables 2 and 3. 

The pH changes (tables 1 and 3) are not as clear cut as was the stone 
formation (tables 2 and 3). In general, ammonium chloride and phosphoric 
acid tended to cause an increase in the acidity of the urine. 

The stones found in the bladders generally were very small, almost 
sand like. In some instances, they had started to aggregate into larger 
masses capable of blocking the flow of urine. These aggregates had to be 
handled with care since they were easily broken into smaller pieces. With 
the exception of those animals receiving ammonium chloride, the stones 
found were a greyish-white color. The stones found in the bladders of 
steers receiving ammonium chloride were a dark red color but still had 
essentially the same calcium, magnesium, and phosphorus content as the 
other stones. 


Summary 


Using a milo grain, cottonseed meal and sorghum silage ration to fatten 
weanling steer calves, it was found that the enzyme hyaluronidase, when 
given in two injections, did not prevent the formation of calculi. Both 
ammonium chloride and phosphoric acid were effective in reducing stone 
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formation when added to the ration. Substitution of cottonseed hulls for 
a small portion of the silage in the ration had no effect. 
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IMPROVEMENT OF BARLEY RATIONS FOR SWINE. II. EF- 
FECTS OF PELLETING AND SUPPLEMENTATION WITH 
BARLEY MALT! 


L. M. LarsEN AND J. E. OLDFIELD ” 
Oregon State College, Corvallis * 


ONSIDERABLE evidence indicates a lower nutritional value for 

barley than for corn in similarly supplemented swine rations (Robi- 
son, 1939; Morrison, 1956), and this has stimulated research into methods 
of effecting improvement of barley. Assuming adequate ration supple- 
mentation as requisite, these methods have generally been of two types: 
(1) mechanical processing, including grinding, rolling, soaking, sprouting 
and more recently pelleting, and (2) chemical processing, including the 
use of enzymes to enhance digestive breakdown. 

Impetus has been given such research by the demonstration that pelleting 
barley rations for swine resulted in improved growth and efficiency of feed 
conversion (Dinusson et al., 1955, 1956; Thomas and Flower, 1956; 
Dinusson and Bolin, 1958) and that addition of certain amylolytic enzyme 
preparations improved barley rations for poultry (Hastings, 1946; Jensen 
et al., 1957; Wharton e¢ al., 1958; Arscott, 1958). Recent work at this 
Station (Larsen and Oldfield, 1959) indicated improved performance by 
swine on barley rations containing pre-soaked and dried grain to which 
barley malt, as a source of amylase activity, had been added. 

Since elevated temperature and presence of water are conventionally 
involved in the pelleting process, some workers have suspected that bene- 
ficial chemical activity may take place during pelleting in addition to the 
physical compression of feed. Studies with chicks by Allred e¢ al. (1957) 
produced evidence supporting this hypothesis; however, subsequent work 
by Arscott e¢ al. (1957) and Hamm and Stephenson (1959) did not con- 
firm their findings. Dinusson and Bolin (1958) in swine experiments found 
no evidence for such a beneficial change. It is further possible that pelleting 
might enhance the activity of enzymes added to feed. This study was 
designed to demonstrate whether the effects of pelleting barley rations for 
swine are purely physical, and whether effects of barley malt supplementa- 
tion of such rations are enhanced by the pelleting process. 


Experimental 


Forty-five weanling Berkshire pigs were ranked according to sex and 
weight, after which two gilts and three barrows were randomly assigned 


1 Technical Paper No. 1285, Oregon Agricultural Experiment Station. 

2The authors are grateful to the Great Western Malting Company, Vancouver, Washington, for a 
grant-in-aid and for materials used in this experiment. Appreciation is also expressed to Dr. Roger G. 
Petersen for advice and aid in the statistical treatment of data and to Mr. Marvin Heupel for care of 
the experimental animals. 

8 Department of Dairy and Animal Husbandry. 
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to each of nine treatments. Such assignment resulted in groups of approxi- 
mately equal initial weight. 

The basal ration consisted of ground grain (corn or barley) 79%, soy- 
bean oil meal 10%, sun-cured alfalfa meal 7.5%, herring meal 2%, oyster 
shell flour 1% and iodized salt 0.5%. All rations contained 15 mg. chlor- 
tetracycline per pound of mixed feed. Three ration treatments were used, 
as follows: (1) corn basal ration, (2) barley basal ration, and (3) barley 
+malt ration (where 2.5% barley malt replaced a like amount of barley). 
A 33 factorial design was employed, involving the above rations in the 
following modifications: (1) meal form, (2) pellet form, and (3) pellets 
reground to original meal form. 

Experimental animals were housed individually in pens 4’ < 6’, each 
equipped with self-feeder and automatic waterer. Feed consumption was 
determined after 6 weeks and at the conclusion of the trial. All animals 
were weighed weekly and were removed from experiment the week they 
exceeded 190 lb. Rations were sampled at intervals and were characterized 
by proximate analysis (A.O.A.C, 1955) cellulose determination (Crampton 
and Maynard, 1938), reducing sugar test (Somogyi, 1945) and total 
soluble carbohydrate analysis by the anthrone method (Murphy, 1958). 
Ration densities were calculated by filling a straight-sided container level 
full without tamping and weighing. These densities are expressed as 
grams of ration per liter of space. 

Statistical examination of data was made by analysis of variance and 
of covariance. 


Results and Discussion 


The results of ration analyses are summarized in table 1, and a sum- 
mary of animal performance is presented in table 2. 

Crude fiber was lower in the pellets and reground pellets than in the 
original meal, which supports the observations of Dinusson and Bolin 
(1958) and Lindahl and Reynolds (1959). This decrease in fiber was 
primarily due to a decrease in cellulose, as shown by analysis; . however, 
it was not associated with increases in either reducing sugar or total 
soluble carbohydrates (except for a slight increase of reducing sugar in 
the corn rations). The lowering of fiber was likely due to a breakdown 
of fibrous components of the ration, allowing for their more extensive 
solution during laboratory digestion; however, it must be recognized that 
these changes were small in magnitude and of doubtful nutritional 
significance. 

It is difficult to explain the poor performance of the pigs fed pelleted 
or pelleted and reground corn rations. (Three pigs were removed from these 
groups for reasons not associated with their diets.) Dinusson et al. (1953) 
and Hoefer et al. (1958) have demonstrated in suitable experiments that 
pelleting is more effective in improving fibrous grains than it is in improving 
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corn. Nevertheless, the pigs fed the corn basal ration in meal form outgrew 
those on all other rations and had a significantly higher (P<0.05) feed 
efficiency. The difference in value between barley and corn is not as 
great as that reported by either Robison (1939) or Morrison (1956) or 
as that previously encountered at this Station (Larsen and Oldfield, 1959). 

Pelleting barley rations apparently improved growth rate of the pigs, 
though the improvement was not as great as that usually noted and was 
not significant statistically. Pelleting significantly improved efficiency of 
feed conversion of the barley ration (P<0.05). 


TABLE 2. WEIGHT GAINS AND FEED CONVERSION EFFICIENCIES 








Av. daily 
No. Av. Av. daily Feed/Ib. feed con- 
Treatment of pigs initial weight gain, lb. gain, Ib. sumed, lb. 





48 
49 
53 


37 
ah | 
39 


.92 
43 
yh | 


.82 
63 
.56 


.320 


an 


Corn control—M * 
Corn control—P* 
Corn control—R * 


81 
-61 
-65 


73 
78 
69 


-69 
78 
ah | 


.262 


Barley control—M 
Barley control—P 
Barley control—R 
Barley+-malt—M 
Barley+malt—P 
Barley+malt—R 


L.S.D. 


® M=meal; P=pellets; R=reground pellets. 


5 
3 
4 
5 
5 
5 
5 
5 
5 
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DO WWW WWW WH WW 
DAD ADA aan 
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The data led to the conclusion that the changes wrought by the pelleting 
process are largely physical, rather than chemical, and the latter must 
be of insufficient magnitude to be detectable in terms of animal perform- 
ance. The reversion of the value of the pelleted feed to that of the meal 
after regrinding lends strength to such a conclusion. 

If compression of feeds is responsible for improved utilization of pellets, 
a direct relationship should exist between ration density and the animal’s 
feed intake, rate of gain, and/or feed efficiency. Because the feed consump- 
tion data include feed lost due to wastage, it is not possible to demonstrate 
such linear relationships between meal and pellet rations of the same 
composition. There is, however, a linear relationship between ration den- 
sity and feed intake when pellets of different densities (i.e. corn, barley) 
are compared. A relationship approaching linearity also seems to exist 
between feed efficiency and ration density and between average daily gain 
and ration density when different pelleted rations are compared. 

Supplementation with barley malt did not further enhance the growth 
rate of pigs fed barley rations in either the meal or pellet form. Feed con- 
version was improved in two of the three rations containing barley malt, 
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which confirms previous experience at this station (Larsen and Oldfield, 
1959). 

This study suggests that certain chemical changes occur in the carbo- 
hydrate fraction of rations when pelleted; however, these changes are 
not of sufficient magnitude to be measurable in the performance of the 
growing pig. The primary benefit of pelleting apparently is a reduction 
in feed wastage. Increased feed consumption by pigs fed pellets was not 
noted in this experiment; however, as suggested earlier, “consumption” of 
meal feeds included some unmeasured wastage. 


Summary 


A 3X3 factorial experiment compared swine rations, the grain compo- 
nents of which were corn, barley and barley supplemented with 2.5% 
barley malt. Each ration was fed in meal, pellet and reground pellet 
variations. 

Chemical analysis of pelleted and non-pelleted rations revealed a slight 
reduction in crude fiber and cellulose due to pelleting, generally without 
increase in either reducing sugar or total soluble carbohydrates. 

Pelleting did not improve corn rations for pigs. Pigs fed barley pellets 
gained weight more rapidly than those fed barley meal and had a sig- 
nificantly improved (P<0.05) efficiency of feed conversion. 

Supplementation with barley malt did not enhance growth rate of pigs 


fed barley rations in either the meal or pellet form. A trend toward im- 
proved feed utilization on barley rations containing barley malt was noted, 
though data were not consistent. 

The data suggest that certain chemical changes occur in the carbohydrate 
fraction of rations when pelleted; however, these changes are not of suf- 
ficient magnitude to be measurable in the performance of the growing pig. 
The primary benefit of pelleting apparently is a reduction of feed wastage. 
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HORMONAL CONTROL GF REPRODUCTIVE ACTIVITY IN 
THE CYCLING AND ANESTROUS EWE! 


J. F. Wacner,” E. P. REINEKE,? J. E. NELLor,? H. A. HENNEMAN 
Michigan State University, East Lansing 


ECENT research directed toward improved breeding efficiency in the 

ewe has centered around synchronization of estrus during the normal 
breeding season, and the induction of reproductive activity during the 
anestrual period by the use of the hormones. 

The role that progesterone plays in the manifestation of estrus, ovula- 
tion, and fertility in the anestrous ewe subsequently treated with pregnant- 
mare serum (PMS) has been postulated as follows: 1) the inhibition of 
subthreshold cycling in the anestrous ewe (Hammond, Jr., 1944; Robin- 
son, 1950); 2) the preparation of the reproductive tract for fertilization, 
descent of the ova, and implantation of the embryo, and 3) the potentiation 
of estrogens, just prior to ovulation, in their induction of estrus (Moore and 
Robinson, 1957; Robinson, 1954b). 

Considerable study has been given to the effects on ovulation, estrus, and 
fertility in the anestrous ewe of 5 to 16 daily injections of progesterone, 
administered prior to PMS. Using the progesterone-PMS treatment, with 
some variations, a number of studies (Davis and Dun, 1957; Robinson, 
1955, 1954a, 1954b; Lambourne, 1955; Dutt, 1953; Gordon, 1958) have 
shown that the resulting incidence of estrus ranged from 37% to 100% 
of the anestrous ewes treated. The percentage of ewes lambing as a result 
of these treatments ranged from 25% to 50% of those ewes which came 
in heat. 

In an attempt to increase the incidence of estrus in the progesterone- 
PMS-treated anestrous ewe, Robinson (1955) injected estradiol benzoate 
simultaneously with the PMS. Although 100% of the estrogen-treated 
ewes came into heat, the number of ewes which lambed was not significantly 
different from the controls receiving progesterone-PMS alone. 

Although a certain measure of success has been attained by previous 
investigators, the problems yet to be solved in the hormonal control of 
reproductivity in the anestrous ewe are many. These problems essentially 
can be divided into three main categories: 1) The labor involved in the 
hormone treatment, which usually entails 10 to 17 separate injections 
including 5 to 15 daily injections of progesterone followed by PMS and 
possibly estrogen; 2) although the percentage of ewes ovulating after 


1The data reported herein are taken from a thesis presented by the senior author to the School of 
Advanced Graduate Studies, Michigan State University, in partial fulfillment of the requirements for 
the Ph.D. degree in Physiology. Published with the approval of the Director, Michigan Agricultural 
Experiment Station as Journal Series No. 2542. 

2 Department of Physiology and Pharmacology. 
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hormone treatment has been satisfactory, the incidence of estrus has been 
extremely variable; 3) the number of ewes lambing of those which come 
into heat as a result of the hormone treatment is usually low. 

The objectives of the present study were threefold. An attempt was 
made: 1) to reduce the labor involved in giving the hormone treatment 
by injecting a single dose of macrocrystalline progesterone with a prolonged 
effect over a period of 10 to 16 days; 2) to determine the duration of 
progestational inhibition elicited by a single dose in both the cycling and 
anestrous ewe; 3) to increase the incidence of estrus in the progesterone- 
PMS-treated ewe by including estrogens in the hormone sequence and to 
vary the physical quality and level of estrogen in an attempt to increase 
the number of ewes lambing. 


Materials and Methods 


Three groups of ewes were used. They included 48 broken-mouthed 
westerns, 32 two-year-old westerns, and various small groups of purebred 
Hampshires, Shropshires, and Suffolks from the University flock. The data 
were collected over a three-year period, experimental animals being drafted 
from the various groups as they became available. 

Observations made during the various experiments included the onset 
and duration of estrus, gross appearance of the reproductive tract, occur- 
rence and number of ovulations, the relative size and number of unrup- 
tured follicles, and the occurrence of pregnancy. All of the slaughter data 
were collected either 5 to 7 days after PMS injection to obtain ovulation 
data, or 35 days after service to determine pregnancy. Both vasectomized 
and fertile rams were used to determine onset and length of estrus. When 
fertile rams were used, one ram with a marking harness was with the 
ewes at all times except when they were checked individually 2 to 3 
times daily. 

The hormone treatments included combinations of progesterone, PMS, 
and estrogen. The macrocrystalline suspension of progesterone in starch 
solution was prepared according to the method described by Nellor and 
Cole (1956), except that a motor-driven homogenizer was used instead of 
a hand homogenizer. Four ml. of macrocrystalline suspension containing 
70 mg. of progesterone per ml. were given in a single injection. Single 
injections of 1000 I.U. of PMS (Upjohn’s Gonadogen) were given at 
various intervals after the progesterone treatment. Estradiol cyclopentyl- 
propionate (ECP) in oil solution, crystalline estradiol in water suspension, 
and the water soluble sodium-salt of estradiol were injected at various 
levels, approximately 30 hours after the PMS injection. 


Results and Discussion 


Duration of Action of Progesterone Suspension in the Cycling Ewe. The 
period during which a single injection of progesterone suspension would 
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inhibit estrus was measured by injecting the progesterone at various times 
in the estrous cycle and recording the onset of the first post-injection estrus. 
For comparison, one group was given daily injections of progesterone in 


TABLE 1. THE RETURN TO HEAT OF CYCLING EWES AFTER SINGLE 
INJECTION WITH 280 MG. OF PROGESTERONE IN STARCH 








Interval between 


Interval 
between last heat 
before injection and 








Day of Date of 1st heat injection and 1st 1st heat after 
cycle injected period after injection heat after injection injection 
days days 
1. Ewes injected August 13 (early in breeding season) 
11 8-29 16 27 
11 9-1 19 30 
10 8-31 18 28 
9 8-30 17 26 
8 9-1 19 ae 
7 8-31 18 25 
5 9-1 19 24 
5 9-2 20 25 
4 9-2 20 24 
4 9-3 21 25 
1 9-1 19 20 
Mean+std. error 18.7+0.43 25.50.78 
2. Ewes injected November 14 (late in breeding season) 
11-29 15 
11-29 15 
11-29 15 
11-30 16 
12-1 17 
12-1 17 
12-1 17 
12-1 17 
12-1 17 
12-1 17 
12-1 17 
12-1 17 
12-2 18 
ee 12-7 23 
Mean=+std. error 17.00.52 
3. Ewes injected November 4 (middle of breeding season) 
16 11-7 3 19 
14 11-20 16 30 
12 11-19 15 27 
11 11-17 13 24 
il 11-17 13 24 
10 11-16 12 22 
5 11-17 13 18 
4 11-19 15 19 
Mean=std. error 13.90.55 22.91.49 
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TABLE 1. (Continued) 











Interval 
between last heat 
Interval between before injection and 
Day of Date of 1st heat injection and 1st ist heat after 
cycle injected period after injection heat after injection injection 
days days 
4. Ewes injected Nov. 14 (16 daily injections to Nov. 20) Controls—progesterone, 10 mg. 
daily in oil 
14 11-23 4 33 
13 11-21 2 30 
11 11-22 3 29 
6 11-22 3 24 
4 11-22 3 22 
1 11-22 3 19 
Mean=std. error 3.00.26 26.12 48 





oil solution. In ewes receiving daily injections of progesterone in oil 
(table 1, group 4), estrus occurred 30.26 days after the last injection. 
Since daily injections of progesterone in oil at the 10-mg. level are necessary 
to inhibit follicular growth (Dutt and Casida, 1948), 24 hours were 
allowed after the last progesterone injection before estimating the length 
of the follicular phase. On this basis, the length of the follicular phase can 
be estimated to be 2+0.26 days’ duration, since the ewes came into estrus 
the third day following the last daily injection of progesterone. The 3-day 
interval from the last progesterone injection to the occurrence of estrus 
that was observed in this study is in agreement with that reported by 
Dutt and Casida (1948) and Robinson (1956). The duration of action 
of the progesterone suspension was, therefore, estimated to be approxi- 
mately 2 days less than the interval between the injection of progesterone 
suspension and the first estrus after injection. 

The duration of progestational inhibition varied, depending upon the 
period in the breeding season at which the treatment was started (table 1). 
During the early, late, and middle portions of the breeding season, the 
progesterone inhibition was estimated to be 16.7, 15.0, and 11.9 days, 
respectively. A progesterone suspension of this type, when used in cattle 
(Nellor and Cole, 1956), induced approximately a 15-day period of follicu- 
lar inhibition. The synchronization of the estrual cycles by the single 
injection of progesterone suspension approached that produced by 16 
daily injections of 10 mg. of progesterone in oil (table 1). The standard 
error of the occurrence of estrus was 0.5 days following the single proges- 
terone suspension treatment (table 1, groups 1, 2, and 3) as contrasted 
to a standard error of 0.26 days for the daily injections of progesterone 
in oil (table 1, group 4). One or two ewes in each group receiving the 
single injection of progesterone suspension account for a large part of 
the standard error with approximately 75% of the treated ewes coming 
into heat within a 3-day period, 
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Progesterone-PMS Treatment in the Anestrous Ewe. Progesterone is 
reported to standardize subthreshold ovarian activity in the anestrous ewe 
(Robinson, 1950). It also has been demonstrated that there is an optimal 
time, subsequent to progesterone inhibition, for gonadotropins to facilitate 
estrus and ovulation. The incidence of estrus and the ovarian response to 
progesterone-PMS treatment were used as criteria for determining the 
optimum interval between the two injections in the anestrous ewe (table 2). 


TABLE 2. THE EFFECT OF VARIATION OF THE INTERVAL BETWEEN 
PROGESTERONE AND PMS INJECTION UPON THE INCIDENCE OF 
ESTRUS AND OVARIAN ACTIVITY IN THE ANESTROUS EWE 











Percent of 
Interval No. Ovarian slaughtered 
Total no. betweeninjec- of ewes response * ewes No. of ewes 
Group ofewes tions (days) in heat to PMS ovulating slaughtered 
1 5 Prog. only 0 1.67 0 3 
2 5 20 2 2.67 66 3 
3 5 18 0 3.50 100 2 
4 5 16 4 3.75 100 S 
5 5 14 2 3.00 66 3 





Upon slaughter, the ovarian response to PMS stimulation was assigned a rank-order in accordance 
with the following criteria: 

Rating 1. No response—no follicular growth and absence of fresh C.L. indicating no ovulation. 

Rating 2. Limited response—little follicular growth (<2 mm.) and absence of fresh C.L. 

Rating 3. Positive response—definite follicular growth with one or two large follicles and a fresh 
Ci. 

Rating 4. Maximum response—excessive follicular growth (three or more 5 mm. follicles) and 
multiple (three or more) fresh C.L. indicating superovulation. 


A 16-day period between a single injection of progesterone suspension 
and the injection of PMS resulted in a greater percentage of the ewes 
coming into estrus and an increased ovarian response to PMS, as compared 
to the other time intervals tested. Therefore, this period was used in the 
subsequent experiments. 

Effect of Hormone Combinations on Estrus, Ovulation, and Fertility. 
Forty-five percent of the anestrous ewes treated with the progesterone 
suspension followed by PMS came into estrus. Autopsy of eight of the 
ewes not showing estrus demonstrated that 87.5% of these had ovulated 
within a 5-day period following PMS injection. Thirty-seven percent of 
the ewes serviced at the induced estrus conceived, as demonstrated at 
autopsy 35 days post-service or at term (table 3, treatment A). The 
progesterone-PMS treatment did not result in the induction of estrus in 
lactating ewes during the anestrous season (table 3, treatment C). 

Estrogen was added to the hormone treatment in order to supplement 
the endogenous estrogen produced by the action of PMS on the ovary, 
and by this means increase the number of anestrous ewes coming into 
heat. The estrogen treatment increased the incidence of estrus to 87.5, 
increasing the number of ewes coming into estrus from 11 out of 24 to 
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21 out of 24 (table 3, treatment B). Although a greater number of 
anestrous ewes came into estrus by this method of treatment, conception 
rate was not increased over that of the progesterone-PMS treatment. All 
treated ewes (all ewes represented in table 3) in estrus 24 hours or less 
conceived, whereas treated ewes in estrus 36 hours or more did not 
conceive. 

The injection of progesterone suspension, followed 16 days later by 
PMS, did not induce estrus in lactating ewes during the anestrous season, 
even though this treatment did induce estrus in 45.8% of nonlactating 


TABLE 3. THE EFFECTS OF HORMONAL TREATMENT UPON ESTRUS, 
OVULATION, AND FERTILITY IN THE ANESTROUS EWE 








No. No. No. 
Treatment * Hr. in heat in heat” conceptions ovulated 





Anestrous (nonlactating ewes) 


A. Prog—PMS 30.85.8 11 (24) 3 (8) 7 (8) 

B. Prog—PMS-est. 40.0+4.9* 21 (24) 4 (14) 7 (8) 
Anestrous (lactating) 

C. Prog—PMS 0 0 0 

D. PMS-ECP §3.52:5:2 13 (20) 0 

E Prog—PMS-ECP 75.02-6.7" 20 (21) 0 





* Mean significantly different (P<0.05) from the mean in the group directly preceding it. 

* The progesterone was injected subcutaneously in a single dose of 280 mg. in aqueous suspension. 
The PMS was injected subcutaneously in 1000 I.U. doses and, where indicated, followed 16 days after 
the progesterone injection. The estrogen (est.) dosage used was 200 yg of crystalline estradiol given 
30 hours after the PMS treatment. Where estradiol cyclopentylpropionate (ECP) was used, one mg. 
was injected 30 hours after the PMS treatment. 

» The numbers in parenthesis represent the number of animals in which the observations, indicated 
in the column heading, were made. 


anestrous ewes (table 3, treatment C). The injection of a single dose of 
PMS, followed 30 hours later by 1.0 mg. of ECP, resulted in 65% of 
lactating anestrous ewes coming into estrus (table 3, treatment D). When 
a single injection of progesterone suspension was given 16 days before 
the PMS-ECP treatment to lactating anestrous ewes, the incidence of 
induced estrus was increased to 95% (table 3, treatment E). Pretreatment 
of lactating ewes with progesterone enhanced the estrus-producing effect 
of PMS and ECP, but not of PMS alone. 

The duration of estrus following PMS-ECP treatment (53.5+5.2 
hours) indicates an excessive estrogen response. It is noted that this re- 
sponse was extended to 75.0+6.7 hours when the PMS-ECP treatment 
was preceded by progesterone. This effect of progesterone pretreatment, 
resulting in increased incidence and duration of estrus in response to a given 
estrogen treatment, is in agreement with that reported by Robinson 
(1956b). 

In an attempt to induce estrual activity of shorter duration, the biolog- 
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ical availability of estradiol was changed by preparing its sodium salt, 
which is water soluble. This preparation was compared with the micro- 
crystalline estradiol at four dose levels, administered both intravenously 
and subcutaneously (table 4). The route of administration had no sig- 
nificant effect upon the incidence of estrus and fertility, although the 
subcutaneous injections appeared to be slightly more effective in inducing 
estrus. The dosage levels of crystalline estradiol were too high to show 
any gradation of the estrous response. The dosage of the sodium salt 
of estradiol was too low to influence the incidence of estrus in the pro- 


TABLE 4. EFFECTS OF TYPE, ROUTE OF ADMINISTRATION, AND LEVEL OF 
ESTRADIOL UPON THE OCCURRENCE OF ESTRUS, LENGTH OF 
ESTRUS, AND CONCEPTION IN THE PROGESTERONE-PMS 
TREATED ANESTROUS EWE “* 

















Intravenous Intravenous Sub Q Sub Q 
crystalline sodium-salt crystalline sodium-salt 
Level, [ug] Estrus © Lambed 4 Estrus Lambed Estrus Lambed Estrus Lambed 
200 6 0 6 x 6 0 0 0 
200 6 0 0 0 24 0 12 0 
150 6 0 0 0 0 0 24 x 
150 0 0 0 0 12 0 0 0 
100 0 0 0 0 6 0 0 0 
100 0 0 6 xX» 24 0 0 0 
50 30 xX 0 0 6 xX 30 x 
50 6 0 0 0 60 0 24 xX 
Percent in heat 62.5 25.0 87.5 50.0 
Percent lambed, 
of ewes treated 12.5 25.0 12.5 37.8 
Percent lambed, 
of ewes serviced 20.0 100.0 14.3 75.0 





® For control data refer to table 3. Anestrous nonlactating ewes received progesterone-PMS only. 
> Twins. 

© Duration of estrus in hours. 

4 “X”’ indicates that the ewe in question lambed. 


gesterone-PMS treated ewes, as compared to progesterone-PMS treated 
controls. Subsequent work has established that progesterone-PMS followed 
30 hours later by 500 yg. of the sodium salt of estradiol induces estrus in 
90% of treated anestrous ewes. 

Although 50 to 200 ug. of the sodium salt administered subsequent to 
progesterone-PMS had no apparent effect upon the incidence of estrus, the 
percentage of ewes conceiving at the induced estrus was increased. Six of 
the 16 anestrous ewes injected with the sodium salt of estradiol by sub- 
cutaneous or intravenous routes, came into estrus and were serviced. Five 
lambed the next fall within a 5-day period. Twelve of the 16 ewes treated 
with the crystalline estradiol came into estrus, but only two lambed. 

The seven ewes which produced early fall lambs as a result of hormone 
treatment were bred 40 to 60 days after parturition, while still suckling 
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their lambs. Six of these ewes conceived and dropped a total of 11 lambs 
the following spring. This, together with the report of Barker and Wiggins 
(1958), indicates that the production of early fall lambs will not impair 
the fertility obtained during the normal breeding season. 


Summary 


A single injection of progesterone in macrocrystalline suspension inhib- 
ited estrus and follicular growth in the cycling ewe for a period of 12 to 
16 days. The duration of inhibition depended upon the stage of the 
breeding season when the treatment was administered. In the anestrous 
ewe, the optimum interval necessary between the injection of progesterone 
suspension and PMS to induce follicular growth, ovulation, and estrus was 
16 days. Approximately 50% of the anestrual ewes treated with progester- 
one-PMS came into estrus and 37.5% of these lambed following service 
at the induced estrus. Eighty-seven percent of the anestrous ewes admin- 
istered 200 wg. of microcrystalline estradiol 30 hours after the PMS injec- 
tion exhibited estrus, but only 28.5% of the ewes serviced produced lambs. 
Although 50 to 200 yg. of the sodium salt of estradiol administered 30 
hours after PMS did not influence the incidence of estrus, it definitely 
enhanced fertility. Five of six ewes serviced following progesterone-PMS- 
sodium salt of estradiol treatment produced lambs. Ewes that lambed 


during October were successfully bred 40 to 60 days later while still 
milking. 
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A STUDY OF PRE-WEANING DEATH LOSSES IN LAMBS! 


R. L. VetTer,” H. W. Norton AnD U. S. GARRIGUS 
Illinois Agricultural Experiment Station,’ Urbana 


MPORTANT death losses occur in lambs prior to weaning. Good manage- 
ment is essential but does not eliminate this problem. Several studies 
have been conducted on lamb mortality. Bell (1947), analyzing data from 
25 years of flock records, reported that one out of five lambs was dead at 
birth or by 2 months of age. Similar results were observed over a three- 
year period by Venkatachalam et al. (1949). To provide more information 
on lamb death losses, data from the records of the University of Illinois 
purebred flocks were summarized. 


Material and Methods 


The purebred flocks at the Illinois station have been maintained pri- 
marily for instruction on types and breeds. Relatively little experimental 
work has been conducted with them, and then only when the treatments 
were expected to have no adverse effect compared with normal performance. 
Nutrition is an important factor, and the flocks under study were main- 


tained in a generally acceptable nutritional status. Care and management 
were considered to be well above average. The basic purpose for which 
these flocks were maintained and the facilities used changed little during 
the 37-year period, 1921-1957 inclusive, and throughout that time one and 
the same man was immediately responsible for their management. Thus 
these data are probably unique. 

Data on Hampshires, Rambouillets, Shropshires, and Southdowns for 
this 37-year period were available on punched cards. These cards were 
used to prepare tables by causes of mortality and by breed, sex, and multi- 
plicity of birth (single or twin, triplets being omitted). Twins were further 
sorted according to sex of the co-twin. 

Information was available for 4,231 lambs including 96 triplets, 20 
single lambs for which sex was not recorded, and 24 pairs of twins for 
which sex data were incomplete or lacking. Of the remaining 4.067 lambs, 
763 (18.76%) failed to survive to 120 days of age, which was about the 
time of weaning and so named henceforth in this report. These data were 
analyzed statistically, by fitting constants to percentages transformed by 
means of the angular transformation, to evaluate (1) the preweaning lamb 
mortality, and (2) the relative importance of causes of death, each as 
related to breed, sex, multiplicity and sex of co-twin. 

1 Acknowledgement is made to W. J. Hampton, foreman of the University of Illinois sheep farm 
during the entire 37 years included in this study, for keeping the original flock records. 


2 Present address: Animal Husbandry Department, University of Wisconsin, Madison 6, Wisconsin. 
8 Department of Animal Science, University of Illinois. 
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Results and Discussion 


Pre-Weaning Mortality. Table 1 summarizes mortality from all causes 
and exhibits a pattern similar to those reported by Bell (1947) and 
Venkatachalam e¢ al. (1949). Total death losses, irrespective of cause, 
showed well-defined differences significant at the 1% level between breeds 
and between singles and twins. Sex of co-twin had no statistically sig- 
nificant effect, but the effect of sex was significant at the 5% level. The 
average loss was 15% for singles, 23% for twins. This difference is sig- 
nificant (P<0.01), as would be expected, and was about the same for the 
different breeds. This means that any practice which would cause a ewe 


TABLE 1. PRE-WEANING MORTALITY IN LAMBS BY BREED, SEX, AND 
MULTIPLICITY * 








Breed Hampshire Rambouillet Shropshire Southdown Total 





Ram 
Number 206 210 329 264 1009 
Pre-weaning losses, % 19.4 10.5 14. 22:3 16.7 
Ewe 
Number 171 234 364 251 1020 
Pre-weaning losses, % 18. 9. 12. 13. 12. 


Ram co-twin of ram 
Number 118 164 
Pre-weaning losses, % 35. cf i: 


Ram co-twin of ewe 
Number 
Pre-weaning losses, % 


Ewe co-twin of ram 

Number 

Pre-weaning losses, % 
Ewe co-twin of ewe 

Number 

Pre-weaning losses, % ao ; 22: 
Singles 

Total 693 

Percent ‘ : 13. 
Twins 

Total 704 

Percent 26.5 : 20.9 24. 
Total 841 1397 
Pre-weaning losses, % 23. : by 3 20.8 
Lambs dropped, %” 139 132 135 127 
Lambs weaned, %” 103 110 106 95 





* Excluding data on 96 triplets, 47 lambs for which sex was not recorded and 21 lambs for which 
sex of co-twin was not recorded. 

> Only ewes lambing figured in these calculated values. Triplets were excluded, but would not alter 
these percentages over five percentage points. 
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to drop twins instead of a single lamb would result in an average gain of 
about 0.69++0.02 lamb at weaning, if the practice itself had no effect on 
mortality rates. 

The interaction of sex and multiplicity was not significant. Mortality 
of males was 20% compared to only 17% for females; this difference is 
not attributable to causes which result in lambs dead at birth. 


TABLE 2. NUMBER OF LAMBS DYING ACCORDING TO CAUSES 








Born Weak at Ab- Unknown 
dead Pneumonia birth normal” Overlaid Bumped* Starved misc. Total 





Hampshire 

12 
15 
18 
12 
15 
14 
86 


CwWNWANN 
OO me et et et © 


Rambouillet 


rnNnooroore 
OPN eee 
iad ono) 


Shropshire 


HK OwWde Fe 
CWOCTOw 
“NNR MK RKO 


2 
3 
3 
1 
1 
1 
1 


_ 


Southdown 


100 


ome Qe Ww 


=e ONUe hd 


1 
2 
1 
4 
1 
2 


DOWOneeh 


1 


_ 
_ 


Total 39 





® R=ram; E=ewe; Rr=ram co-twin of a ram; Re=ram co-twin of a ewe; Er=ewe co-twin of a 
ram; and Ee—ewe co-twin of a ewe. 

> Anatomical. 

© Butted by a ewe, usually against a feed trough. 

4 Cause of death not ascertainable or so very uncommon as not to warrant separate classification. 


Hampshires showed an average death loss of about 23% ; Rambouillets, 
15%; Shropshires, 17%; and Southdowns, 21%. This order of breeds is 
similar to that found in the two studies quoted. Hampshire mortality was 
significantly (P<0.01) higher than that of Shropshires and Rambouillets. 
Southdown mortality was significantly higher than that of Shropshires 
(P<0.05), and significantly higher than that of Rambouillets (P<0.01). 

Causes of Lamb Death Losses. Table 2 gives numbers of deaths by 
causes according to breed, sex, multiplicity, and sex of co-twin. A few 
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miscellaneous deaths, such as drowning, and a few animals which were 
autopsied but not classified under any specific cause, are included under 
“unknown”. 

No significant difference was found among lambs born dead as a (trans- 
formed) percentage of all deaths of that breed, sex, multiplicity, and sex 
of co-twin. Of the 621 postnatal deaths, less than 40% were ascribed to 
known causes so that little can be said about the relative importance of 
different causes. However, 51% of Rambouillet postnatal deaths were 
ascribed to known causes, versus 36% for Hampshires, 27% for Shropshires 
and 26% for Southdowns, the differences being significant at the 1% level 
for Shropshires and Southdowns and very nearly so for Hampshires. This 
may be a reflection of breed differences of lambing season, the Rambouillets 
lambing earlier than the other breeds. Thus, possibly, they receive more 
attention than is available at the height of lambing, but this is not believed 
by those who were responsible for the management of the flocks. 

Sex and multiplicity each had effects which were significant at the 5% 
level. Deaths of males were more likely to be ascribed to known causes 
(39% versus 31% for females) and so were deaths of twins (39% versus 
31% for singles). No mechanism which would explain these effects suggests 
itself. 

The chi-square test of deaths ascribed to known causes tabulated by 
breeds versus sex and multiplicity shows unmistakably significant hetero- 
geneity. Though the source of this heterogeneity is obscure, Hampshires 


had an unusually high frequency of postnatal deaths attributed to 
pneumonia (15 out of 54), and Rambouillets for deaths attributed to 
starvation (14 out of 49). 


Summary and Conclusions 


Mortality data to 120 days of age are reported for 4,231 lambs from 
purebred Hampshire, Rambouillet, Shropshire, and Southdown flocks main- 
tained at the University of Illinois from 1921 to 1957 inclusive. 

Losses of single lambs were 15% compared with 23% of twins. Hamp- 
shires showed an average death loss of 23%; Rambouillets, 15%; Shrop- 
shires, 17% ; and, Southdowns, 21%. 
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EFFECTS OF FEEDING FISH LIVER OIL, VITAMIN E AND 
SELENIUM TO EWES UPON THE OCCURRENCE OF 
MUSCULAR DYSTROPHY IN THEIR LAMBS! 


James G. WELCH,” W. G. Hoekstra, A. L. Pope AND P. H. PHILLIPs 
University of Wisconsin,® Madison 


ESPITE the demonstration by Willman et al. (1945) that vitamin E 

administration would cure muscular dystrophy (“stiff lamb” disease 
or white muscle disease) in lambs, and the production by Culik e¢ al. 
(1951) of a similar disorder by feeding lambs a synthetic milk ration 
deficient in vitamin E, analyses of natural dystrophy-producing rations 
have failed many times to show any apparent vitamin E deficiency (Whit- 
ing et al., 1949; Keith et al., 1957). Muth (1955) reported that in Oregon 
muscular dystrophy occurred in lambs grazing specific irrigated areas, 
that vitamin E supplementation had no protective effect, and that its 
administration to affected lambs gave inconclusive results. Safford e¢ al. 
(1956) have reported a similar situation in Montana and have found no 
correlation between incidence of dystrophy and blood plasma vitamin E 
concentrations in ewes or lambs. 

Recently Muth (1959) and Proctor et al. (1958) have reported that 
selenium supplementation of the natural dystrophy-producing rations of 
ewes was effective in preventing muscular dystrophy in lambs. Madsen 
et al. (1935) demonstrated that feeding cod liver oil to growing lambs 
caused muscular dystrophy. Blaxter (1953) produced dystrophic calves by 
feeding large amounts of cod liver oil, and confirmed the finding of Dam 
et al. (1945) that the unsaturated fatty acid fraction of the oil was the 
causative agent. 

Antioxidants such as diphenyl-p-phenylenediamine (DPPD) have been 
employed to counteract the antivitamin E. activity of fish liver oil in 
chick rations (Singsen et al., 1955), and Draper (1956) has reported 
DPPD to be effective in preventing muscular dystrophy in lambs fed 
a vitamin E deficient synthetic milk. It is apparent therefore that in prac- 
tice there exist at least the following possible dietary causes of muscular 
dystrophy: (1) lack of vitamin E, (2) deficiency of selenium, (3) pres- 
ence of excessive amounts of peroxide or peroxide precursors such as 
certain unsaturated fatty acids or other pro-oxidants, (4) lack of other 
antioxidants, and (5) combinations of the above. Which of these is the 
most prevalent cause of muscular dystrophy in practice is not presently 

1 Published with the approval of the Director of the Wisconsin Agricultural Experiment Station, 
and supported in part by the Research Committee of the Graduate School with funds from the 
Wisconsin Alumni Research Foundation. 


2 Present address: New Jersey Agricultural Experiment Station, New Brunswick, New Jersey. 
3% Departments of Animal Husbandry and Biochemistry. 
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known. The interrelationships between the above factors are the subject 
of much current research. 

It was the purpose of this investigation to determine the effect of feeding 
fish liver oil to ewes on the incidence of dystrophy in their lambs and its 
relation to blood plasma tocopherol levels in both ewes and lambs. The 
effect of selenium supplementation of the ration on the syndrome produced 
by the fish liver oil was also investigated. 


Experiment I 


Procedure. Fifty-five western and native grade ewes were allotted into 
five equal lots according to weight, and were bred on or soon after October 
27, 1956. They were first fed the experimental rations on January 11, 
1957. Lot 1 received the control ration of good quality alfalfa hay and 
1 Ib. ground corn per ewe per day. Lots 2 and 3 received poor quality, 
discolored, mixed grass and alfalfa hay and 1 lb. of ground corn. Lots 4 
and 5 were fed the same rations as Lots 2 and 3, plus 2% fish liver oil * 
added to the corn and 2 oz. of fish liver oil administered every other day 
as a drench. All lots received trace mineralized salt (containing Fe, Cu, 
Mn, Co, and I) free choice. When the lambs were 4 weeks old, half the 
lambs in Lot 1 and all the lambs in Lots 2 and 4 were driven 1 mile 
(indoors) at 4-day intervals. Blood samples were taken 3 months before 
lambing, just before placing the ewes on experiment. Blood samples were 
again obtained approximately 6 weeks and 1 week prepartum. Ewe blood, 
lamb blood and ewe milk were sampled at 1 and 4 weeks after lambing. 
The vitamin E concentrations were determined by the method of Quaife 
and Harris (1944), and, as concentrations of carotene in sheep plasma 
are negligible, the hydrogenation step was omitted. Data comprising 
means were compared by the analysis of variance method (Snedecor, 
1956). 

Results and Discussion. A summary of the results of this experiment 
is presented in table 1. Muscular dystrophy was diagnosed in seven lambs, 
six of which were in the lots receiving fish liver oil and one in the lot 
fed poor hay without oil. One lamb from the fish liver oil lot died sud- 
denly while being handled. The lamb appeared normal at the time but 
dystrophic lesions were found in the muscles upon autopsy. No dystrophy 
occurred in the lambs of ewes receiving the good quality alfalfa hay. 

Two of the afflicted lambs were treated with tocopherol orally (0.5 gm. 
followed by 0.25 gm. every other day) until they recovered. Two of the 
lambs were left untreated, one of which recovered and the other succumbed, 
showing extensive white muscle lesions in the skeletal muscles and mild 
lesions in the heart. The other two lambs were given 0.5 gm. DPPD orally 
every other day until they appeared normal and both lambs appeared to 


*The fish liver oil used in these experiments was a low potency vitamin A and D feeding oil 
processed by the Van Camp Sea Food Co., Inc., Terminal Island, California. 
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respond to treatment. After approximately a week of apparent normal 
activity following DPPD treatment, one of these lambs suffered a relapse. 
DPPD was again given as before but had no effect. The lamb was unable 
to rise for 18 days, and never fully recovered. 

In this experiment, exercise did not increase the incidence of dystrophy 
and therefore the data are combined for Lots 2 and 3 and for Lots 4 and 5. 
The blood plasma analyses showed a decreased vitamin E concentration 
prior to parturition in both lots (poor quality hay and the poor quality 


TABLE 1. EXPERIMENT I. VITAMIN E CONCENTRATIONS IN EWE AND 
LAMB BLOOD PLASMA AND EWE MILK 


(micrograms per 100 ml.) 








1 2 3 
Good Poor Poor quality 
Treatment quality hay quality hay hay and oil 





Ewe plasma, initial 55 (12) 60 (24) 61 (24) 
Ewe plasma, 1 mo. prepartum 61 (12) 45°** (24) 349°" (944 
Ewe plasma, 1 wk. prepartum 58 (12) 36°** (23) 36°" (25) 
Ewe plasma, 1 wk. postpartum 84 (12) $17** (23) 37°** (2p) 
Ewe plasma, 4 wk. postpartum 113 (12) 58 *** (20) A3°**.(15)2"" 
Ewe milk, 1 wk. 124 (11) 79°** (21) 91*** (17) 
Ewe milk, 4 wk. 113 (11) 84"* (20) 104 (15) 
Lamb plasma, 1 wk. 91 (19) 56°** (29) 37°97? (23)0re 
Lamb plasma, 4 wk. 104 (19) 70*** (26) 51***:(20) 
Dystrophic lamb plasma, 4 wk. ae 64 (1) 32 (6) 
Plasma from ewes of dystrophic 

lambs, 4 wk. ab a 33 (1) 39 (6) 
Incidence of dystrophy 0/19 1/33 6/31 





Numbers in parentheses indicate number of animals. 
@ Different from Lot 1. 
> Different from Lot 2. 
** P=) 01. 
© ?=005. 


hay plus oil); the fish liver oil treatment produced the more rapid decline. 
The results of the 1- and 4-week postpartum samplings indicate that the 
incidence of dystrophy was definitely associated with a lowered blood 
plasma vitamin E concentration of ewes and of lambs. Most of the affected 
lambs showed signs of dystrophy a few days after the 4-week samples 
were taken, thus making these values particularly significant. 

These results indicated that hays differing in quality, as evaluated by 
visual observation, produced markedly different blood plasma vitamin E 
concentrations, that fish liver oil further reduced the plasma tocopherol 
level, and, that under the conditions of this experiment, low amounts of 
vitamin E in the blood plasma of lambs and of their dams were associated 
with the occurrence of dystrophy in lambs. Safford et al. (1956) and 
Hogue (1958) found no association between blood plasma tocopherol levels 
and incidence of dystrophic lambs from ewes fed a natural dystrophy- 
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producing ration without added fish liver oil. Blaxter et al. (1953) found 
no decrease in tissue or blood plasma tocopherol levels in calves made 
dystrophic by feeding fish liver oil. 

The poor-hay treatment lowered milk tocopherol levels while the poor- 
hay plus oil treatment produced intermediate values. These results differ 
from those obtained from blood plasma analyses. 


Experiment II 


Procedure. In this experiment fish liver oil was again incorporated into 
the ration as the dystrophy producing principal. Sixty grade ewes of 
native and western breeding were bred on or shortly after October 26, 1957, 
and were divided into three lots. All lots received poor quality, discolored 
alfalfa hay and a grain ration consisting of ground corn, 48; ground corn 
cobs, 48; and, fish liver oil, 4. Lot 1 (12 ewes) received orally in capsules 
0.5 gm. alpha tocopherol per head twice weekly. Lot 2 (24 ewes) received 
no supplement and Lot 3 (24 ewes) was fed 0.5 ppm. of selenium, calcu- 
lated on a total ration basis. The selenium was added as sodium selenite 
and was combined with the grain mixture. The ewes were started on 
experiment on December 18, 1957 which was approximately 3.5 months 
before the average lambing date. Blood samples were taken from the 
ewes at 4 weeks prepartum and at 5 weeks postpartum. Lamb blood sam- 
ples and ewe milk samples were obtained at 5 weeks postpartum. Vitamin 
E concentrations were determined in the blood plasma and in the milk as 
in Experiment I. Iodine numbers of milk fat samples were also determined 
by the method of Rosenmund and Kuhnhenn (1923). 

Results and Discussion. As shown in table 2, the vitamin E treatment 
was effective in increasing the concentration of vitamin E in ewe and 
lamb blood plasma and in ewe milk. The selenium treatment did not 
increase the tocopherol content of ewe or lamb plasma or of ewe milk. 

The lambs in the lots receiving no vitamin E showed three separate 
but possibly related afflictions; typical muscular dystrophy, sudden death 
probably caused by heart failure, and stillbirths. Some of the lambs which 
died of heart failure had extensive white muscle lesions in both heart and 
skeletal muscles, while others showed only pale flabby hearts often with 
small hemorrhage spots, edematous lungs and pale skeletal muscles. The 
majority of the lambs which were born dead were decomposed. A total of 
88% of the lambs in the lot receiving no supplement and 60% of the 
lambs in the selenium-supplemented lot were affected in one of the three 
ways. A summary of these results appear in table 2. 

It is evident that vitamin E effectively prevented the pronounced dele- 
terious effects produced in lambs by feeding fish liver oil to their dams 
during gestation and lactation. The lamb born dead in Lot 1 was injured 
during delivery and: did not show any signs of abnormality. The data 
combining the stillbirths and dystrophic lambs show a lower percentage 
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of affected lambs in the selenium-treated lot than in the oil-basal lot, 
and the mean dystrophic age was higher in the selenium-treated lot, indi- 
cating a possible protective effect produced by the selenium. The incidence 
of dystrophy in the selenium-supplemented lot was one-half that of the 
unsupplemented lot, however, selenium did not appear to decrease the 
occurrence of stillbirths. 


TABLE 2. EXPERIMENT II. VITAMIN E CONCENTRATIONS IN EWE AND 
LAMB BLOOD PLASMA AND EWE MILK, INCIDENCE OF DYSTROPHIC 
AND DEAD LAMBS, AND IODINE NUMBER OF EWE MILK FAT 








1 2 3 


Oil basal Oil basal 
Treatment and vitamin E” Oil basal and Se° 





Vitamin E concentrations, mcg./100 ml. 
Ewe plasma, 4 wk. prepartum 64 (11) 49 (23) 43** (24) 
Ewe plasma, 5 wk. postpartum 245 (11) 49** (9) 43** (16) 
Lamb plasma, 5 wk. postpartum 210 (13) 59°": -{3) 25°* (153 
Ewe milk, 5 wk. postpartum 216 (11) 77°" 249) 88** (14) 
Dystrophic and dead lambs 
Total lambs, number 16 34 37 
Dystrophic (includes apparent 
heart failure), % 0 (0) 
Born dead, % 6 (1) 
Total lambs affected, % 6 


Mean dystrophic age, days 


Iodine number of milk fat * 48.3 





Numbers in parentheses indicate number of animals. 
** Different from Lot 1 (P=0.01). 
@ All lots received poor quality hay. 
» 0.5 gm. vitamin E supplemented orally per ewe twice weekly. 
¢ 0.5 ppm. selenium supplemented orally mixed with grain ration. 
4 Values from eight ewes receiving a ration of grass hay and grain containing no oil averaged 30.4. 


Two ewes in the oil-treated lot developed a disorder similar to the 
muscular dystrophy seen in the lambs. Some of the lambs had brownish 
discolored fat deposits. Several lambs which were born dead or died 
shortly after birth showed white muscle lesions, indicating in utero devel- 
opment of the dystrophic lesions. All lambs which were diagnosed to have 
dystrophy were subsequently treated with vitamin E by administering 500 
mg. capsules of alpha tocopherol every other day. All lambs recovered. 

This second experiment produced a much greater percentage of affected 
lambs than the previous experiment. The primary difference in the oil 
treatments was that all the oil in the second experiment was consumed in 
the corn and cob mixture while in the previous experiment the major 
portion of the oil was administered as a bi-daily drench. The effects of 
this difference may be several. The uniformity of oil intake in relation 

“to time may have allowed the pro-oxidant action of the oil to exert itself 
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in a more constant manner. When the oil was mixed with the feed, the 
peroxide formation during storage was facilitated, and when the total 
oil administration was accomplished in this manner, the intake of the 
tocopherol-destroying fatty acid peroxides would presumably be much 
greater. Also, the one pound of corn cobs consumed each day per ewe 
was probably replacing an equivalent amount of hay. The results of the 
first experiment indicated the importance of hay as a vitamin E source. 

The oil feeding produced milk fat with uniformly high iodine numbers 
when compared to values obtained from ewes receiving no oil. This could 
produce the same effect as feeding a source of unsaturated fatty acids 
directly to the lambs. 


Experiment III 


Procedure. In this experiment the three treatments of the previous 
experiment were repeated. In addition, one lot was fed the basal ration 
with no added fish liver oil, and the oil containing ration of a fifth lot 
was supplemented with a higher level of 4 ppm. selenium. 

Sixty grade ewes of native and western breeding were bred on or soon 
after October 26, 1958. They were allotted at random into five lots of 
twelve ewes each and fed discolored alfalfa hay and 1 lb. of ground corn 
per ewe per day until February 1, 1959 (two months before the average 
lambing date). At this time corn cobs were not available so a concentrate 
mixture was prepared of ground straw, 48 parts; ground corn, 47; fish 
liver oil, 4; and, salt, 1. During a transition period of 10 days, this ration 
containing only 2% oil was fed. After March 1, ground corn cobs replaced 
the ground straw. 

Lot 1 received the basal concentrate mixture at 2 lb. per ewe per 
day and supplemental vitamin E administered as a 500 mg. capsule of 
d-tocopherol twice weekly. Lot 2 received the oil basal ration with no 
supplement while Lots 3 and 4 received 0.5 ppm. and 4.0 ppm. selenium, 
respectively. The selenium was fed as sodium selenite and was added to 
the concentrate mixture. Lot 5 received the basal ration with the oil 
omitted. Discolored alfalfa hay, ad libitum, was allowed all lots. Blood 
samples were taken at 2 weeks prepartum from the ewes and at 2 weeks 
post partum from ewes and lambs. Milk samples were also taken at 2 weeks 
postpartum. Vitamin E concentrations were determined as in Experiment I. 

Results and Discussion. It is evident from table 3 that the vitamin E 
supplemented lot again had the highest blood plasma vitamin E con- 
centrations throughout the experiment. Intermediate values were obtained 
from the lot not receiving oil while the three lots receiving oil without 
supplemental vitamin E had uniformly low values. The two selenium treat- 
ments appeared to have no influence on the vitamin E concentration in 
the milk or in the plasma of ewes or lambs. Lambs which developed 
dystrophy and their dams had low vitamin E concentrations in their blood 
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plasma. This relationship was not reflected in the milk vitamin E concentra- 
tion data. 

The oil treatment produced results (see table 3) similar to those 
obtained in Experiment II except that the incidence of dystrophy and still- 
births was not as high, probably because of the shorter oil administration 
period prior to parturition. The 0.5 ppm. of supplemental selenium failed 


TABLE 3. EXPERIMENT III. VITAMIN E CONCENTRATIONS IN EWE AND 
LAMB BLOOD PLASMA AND EWE MILK AND INCIDENCE OF 
DYSTROPHIC AND DEAD LAMBS 








3 + 
Oil basal Oil basal 5 


1 
Oil basal and 0.5 and 4.0 Basal 


? 
Treatment ¢ and vitamin E4 Oil basal ppm. Se ppm. Se without oil 





Vitamin E concentrations, 

mcg./100 ml. 
Ewe plasma, 

2 wk. prepartum 1568** (12) 45 (12) 38 (12) 2 65a** (12) b¥* 
Ewe plasma, 

2 wk. postpartum 82a** (8) 37 (12) 31 (8) k 59a** (8) 
Lamb plasma, 

2 wk. postpartum 1138** (11) 43 (14) 3: 4 804** (11) 
Ewe milk, 

2 wk. postpartum 1202** (8) 70 (12) 90b** (9) 
Dystrophic lamb plasma, 

2 wk. postpartum 37 (1) 29 (3) 
Plasma from ewes of 

dystrophic lambs, 2 wk. 88 (1) (6) 
Milk from ewes of 

dystrophic lambs, 2 wk. f (1) (6) 


Dystrophic and dead lambs: 
Total lambs, number 
Dystrophic lambs (inc ap- 

parent heart failure), % 
Born dead, % 
Total lambs affected, % 


Mean dystrophic age, days 46 





Numbers in parentheses indicate number of animals. 
® Different from Lot 2. 
» Different from Lot 1. 
¢ All lots received poor quality hay. 
40.5 gm. Vitamin E supplemented orally per ewe twice weekly. 
*P=005. 
** P=001. 


to show the protective effect observed in the previous experiment. The 4.0 
ppm. selenium lot, however, had a much lower incidence of muscular dys- 
trophy. One dystrophic lamb was observed in the vitamin E supplemented 
lot and only two observed in the lot fed 4 ppm. of selenium. The mean 
dystrophic age showed little difference between lots in contrast to these 
values in the previous experiment. 

The presence of dystrophy was affirmed in several of the lambs which 
died suddenly by the demonstration of a marked creatinuria. Samples for 
this determination were obtained post mortem from the bladder. 
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The muscular dystrophy in lambs produced by the oil treatment of 
the ewes appears to be caused by factors different from those responsible 
for the naturally occurring dystrophy under investigation by Proctor 
(1958) and by Muth (1959). There is strong evidence that these workers 
are concerned with a selenium deficiency, while the results reported here 
are primarily an expression of the anti-vitamin E effect of fish liver oil. 
In this case, supplemental selenium was at most only partially effective 
in reducing the incidence of dystrophy and had no effect on plasma levels 
of vitamin E. Proctor e¢ al. (1958) have shown both vitamin E and selenium 
to be almost completely effective in preventing muscular dystrophy while 
Muth et al. (1959) have obtained protection against dystrophy with sup- 
plemental selenium only, vitamin E having no effect under their condi- 
tions. Although both vitamin E and selenium affect the occurrence of 
muscular dystrophy, they are not interchangeable, and, furthermore, the 
extent to which one may spare the other appears to be definitely limited. 

Selenium has been shown to replace vitamin E in torula yeast diets fed 
several laboratory animals (Schwarz, 1957). 


Summary 


In three experiments, feeding fish liver oil to ewes during pregnancy 
and lactation was an effective means of producing muscular dystrophy 
in lambs. The most effective method of administration of the oil was a 
combination of the oil with a ground corn and corn cob mixture. The fish 
liver oil lowered ewe and lamb blood plasma concentrations of vitamin E, 
and this reduction was associated with the incidence of dystrophy. 

Vitamin E administration to ewes was effective in counteracting the 
dystrophy-producing effects of the oil. Vitamin E was effective also in 
curing dystrophic lambs. 

When incorporated into the ration of ewes receiving fish liver oil, 
selenium, in two of three trials, decreased but did not eliminate the occur- 
rence of muscular dystrophy in the lambs. Selenium supplementation did 
not, however, alter the blood plasma tocopherol concentrations of ewes or 
of their lambs, nor did it alter the vitamin E concentration in the milk 
or the degree of unsaturation of the milk fat. 
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NUTRITIVE VALUE OF CORN DRIED AT 140°, 180° AND 
220° FAHRENHEIT FOR SWINE OF DIFFERENT AGES 


A. H. JENSEN, S. W. TERRILL AND D. E. BECKER ? 
Illinois Agricultural Experiment Station, Urbana 


See wet milling industry has for many years experienced difficulty in 
processing corn that has been artificially dried at relatively high 
temperatures. However, nutritive evaluations of artificially dried corns 
have produced varied and inconclusive results. Simms (1949) reported no 
significant loss of feeding value when corn of moderately low moisture con- 
tent was dried by using air of temperatures up to 190° F. for a period of 
10 hours. U.S.D.A. investigations (1950), however, showed deleterious 
effects from drying corn with air above 135° F. or below 95° F. In a 
three-year study, Hathaway e¢ al. (1952) tested ear corn samples which 
were dried at room temperature of 80° F. and at six temperatures ranging 
from 120° F. to 240° F. In rat feeding tests there was a tendency for 
reduced gains from corn dried at temperatures above 140° F. when the 
corn served as a source of energy. Nutritive value of the protein was 
adversely affected at temperatures of 160° F. and higher. Davis and 
Cabell (1957) reported no loss in feeding value for swine of corn dried 
at temperatures up to 135° F. However, in rat feeding trials it was shown 
that drying temperatures above 135° F. decreased protein nutritive value. 
Cabell e¢ al. (1958) demonstrated that protein nutritive value was not 
significantly reduced when 25% moisture corn was dried for 4 hours in 
198° F. air flowing at the rate of 80.5 cubic feet per minute per bushel 
(CFM/bu). Corn containing 29% to 32% moisture, when dried for 1% 
hours with 240° F. air flowing at the rate of 110 to 112 CFM/bu. was 
undamaged; whereas, at 280° F., marked discoloration, parched corn odor, 
and losses in protein nutritive value occurred. 

The investigations reported here were conducted to study the possible 
effect of drying corn under farm conditions on its nutritive value for 
swine of different ages. 


Experimental 


Ninety-six pigs (Durocs in experiment 1, crossbreds in experiments 2, 
3 and 4) were used in four feeding trials. Weanling pigs were used in 
experiments 1 and 4, whereas in experiments 2 and 3 pigs were weaned 
directly to the test diets at approximately 17 days of age. In all experi- 
ments outcome groups were formed on the basis of litter, whenever possible, 

1The authors wish to acknowledge Corn Products Co., New York, New York; Merck & Co., 
Rahway, New Jersey; American Cyanimid Co., Pearl River, New York; Illinois Farm Supply Co., 


Chicago, Illinois and Moorman Mfg. Co., Quincy, Illinois for funds and products which made this 
study possible. 
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TABLE 1. PERCENTAGE COMPOSITION OF BASAL DIETS AND 
SUPPLEMENT 








Experiment 





Ground yellow corn 
Solvent soybean oil meal (50% ) 
Dried skim milk 

Crude casein 

Brewers yeast 

Dried whey 

Meat and bone scraps 
Fish meal 

Condensed fish solubles 
Dicalcium phosphate 
Ground limestone 
Iodized salt 

Trace mineralized salt 
B-vitamin mix“ 
Vitamin-antibiotic mix” 
Vitamin A and D mix‘ 
Antibiotic * 

Trace mineral mix ° 
Wood flock 

Corn oil 

Lactose 

Calculated crude protein, % 





® Contains 1 gm. riboflavin, 5 gm. calcium pantothenate, 8 gm. niacin, 100 gm. choline chloride 
and 6 mg. vitamin Bie activity per pound. 

» Contains 1 gm. thiamin, 2 gm. riboflavin, 12 gm. calcium pantothenate, 7 gm. nicotinic acid, 
1.2 gm. folic acid, 1 gm. pyridoxine-HCl, 12 mg. vitamin Biz, 30 mg. biotin, 4 gm. P-amino benzoic 
acid, 42 gm. inositol, 400 mg. 2-methyl-1, 4-naphthoquinone, 7 gm. ascorbic acid, 340 gm. choiine 
chloride, 11 gm. chlortetracycline-HCl, 20 gm. streptomycin sulfate, 11 gm. procaine penicillin, 
2,150,000 I.U. vitamin A and 270,000 I.U. of vitamin D per pound. 

¢ Contains 4000 I.U. vitamin A and 5C0 I.U. vitamin D per gram. 

4 Contains 5 gm. streptomycin (as streptomycin sulfate) and 3 gm. crystalline penicillin G master 
standard. 

¢ Contains 296.9 gm. MgCOs, 90.0 gm. FeSOs, 27.2 gm. MnSO«-HeO, 9.0 gm. CoCle-6H20, 9.0 gm. 
CuSOx, 1.8 gm. NaF, 18.2 gm. ZnCOs, and 0.9 gm. KI per pound. 


weight and condition. Individual pigs were randomly assigned to treat- 
ments. Feed and water were available ad libitum. The two-week-old pigs 
were confined to 4’ x 8’ pens, four per pen, having expanded steel mesh 
floors. The weanling pigs, six per pen, in experiment 1 were confined to 
7’ < 14’ shaded concrete floor pens. In experiment 4 the weanling pigs, 
three per pen, were confined to 4’ < 8’ concrete floor inside pens. 

The diets fed are shown in table 1. Complete mixed rations were used 
in the first three experiments; corn and supplement were available free 
choice in experiment 4. 

All the corn was harvested with a self-propelled picker-sheller from one 
uniform field of hybrid corn. Field moisture tests gave a value of 21%. 
Drying was accomplished with a 375-bushel capacity portable batch 
dryer.? An axial vane fan driven by a tractor power-take-off forced heated 


2 Manufactured by Behlen Manufacturing Company, Columbus, Nebraska. 
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TABLE 2. TEMPERATURE, MOISTURE AND TIME FACTORS IN THE 
ARTIFICIAL DRYING PROCESS 








Moisture 
Drying content of freshly Moisture Time exposed to 
temperature*,° F. harvested corn, % after drying, % artificial heat” 





140 21.1 11:55 2 hours 30 minutes 
180 2257 12.5 lhour 27 minutes 
220 £13 12.6 Ohour 55 minutes 





® These figures represent the thermostatically controlled air temperature in the air chamber, not the 


temperature of the corn. 
6 Cooling the grain was effected by continuing the forced air flow for 30 minutes after the burner 


shut off. 


air through the grain surrounding the air chamber of the dryer. Static 
pressure within the chamber was maintained at 51% * inches and heat was 
provided by a propane gas burner. Table 2 shows the drying temperatures 
used, moisture levels before and after drying, and drying time, the latter 
representing the period between starting and stopping the burner. 


Results 


The results of experiment 1, table 3, show similar rates of gain, daily 
feed and feed per pound of gain by all pigs fed the different corns from 


TABLE 3. EXPERIMENT 1. PERFORMANCE OF WEANLING PIGS FED 
RATIONS CONTAINING CORNS DRIED AT DIFFERENT 
TEMPERATURES 








Drying temperature, ° F. 149 180 220 


No. of pigs* 12 12 12 
Av. initial wt., Ib.” 
Replicate 1 45. 
Replicate 2 45. 
Av. 45. 


Av. daily gain, lb. 
Replicate 1 - 38 
Replicate 2 ; 52 
Av. i 55 


Av. daily feed, Ib. 
Replicate 1 : 47 
Replicate 2 S; .62 
Av. ; 54 


Av. feed per Ib. gain, Ib. 
Replicate 1 3. -46 
Replicate 2 3. -69 
Av. 3. ae 








* Two lots of six pigs each on each ration. 
» Average final weights for teplicates 1 and 2 were 185.7 and 186.3 lb., respectively. 


®% Air flow rate was estimated to be approximately 75 cubic feet per minute per bushel (CFM/bu.). 
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TABLE 4. ANALYSES OF VARIANCE, EXPERIMENT 1 





Mean squares 


Source a, Daily gains Daily feed Feed/Ib. gain 





Temperature (T) .0048 .0023 .0025 
Replicate (R) .0020 
TxR .0161 
Outcome group . .0183 
Remainder : .0329 


Total 





a weight of approximately 45 lb. to about 190 lb. Performance data were 
calculated every 14th day and uniformity of response was evident through- 
out the 90-day trial period. Statistical analyses in table 4 show no sig- 
nificant difference due to treatment. 

Experiment 2 involved 24 crossbred pigs weaned at 17 days of age and 
placed directly on the dry test diets for a period of 35 days. The results 
in table 5 show that average daily gains in replicate 1 were very similar 
on all diets but in replicate 2 gains were 0.62, 0.55 and 0.45 lb. per day, 
respectively, for 140, 180 and 220° F. However, the 0.45 lb. average in- 
cludes the poor (0.14 Ib. per day) performance of one pig. Average daily 
feed values were similar for all lots in replicate 1, while in replicate 2 feed 


TABLE 5. EXPERIMENT 2. PERFORMANCE OF TWO-WEEK-OLD PIGS FED 
DIETS CONTAINING CORNS DRIED AT DIFFERENT TEMPERATURES 





Drying temperature, ° F. 180 220 











No. of pigs“ 8 8 
Av. initial wt., Ib. 
Replicate 1 
Replicate 2 
Av. 


’. daily gain, lb. 
Replicate 1 . 6: .60 
Replicate 2 ; 55 
Av. : oy 


7. daily feed, lb. 
Replicate 1 : .96 
Replicate 2 ‘ .93 
Av. . .94 


’. feed per Ib. gain, lb. 
Replicate 1 1. .60 
Replicate 2 i .69 
Av. 1. .64 





* Two pens of four pigs each per treatment. Test period was 35 days. 
» One pig in this lot gained only 0.14 lb. per day. 





Corn Driep AT 140°—220° F. 633 


intake appeared to decrease as drying temperature increased. The apparent 
differences in daily gains and in daily feed intake were not reflected in 
the feed efficiencies since pounds of feed required per pound of gain were 
about the same in all lots within each replicate. 

Since the results of experiment 2 indicated a very slight inverse relation- 
ship of drying temperature and performance of two-week-old pigs, experi- 
ment 3 was conducted with a ration (table 1) containing 60% corn. In 
contrast to experiment 2, the data in table 6 suggest an advantage for 


TABLE 6. EXPERIMENTS 3. PERFORMANCE OF TWO-WEEK-OLD PIGS FED 
DIETS CONTAINING CORNS DRIED AT DIFFERENT TEMPERATURES 








Drying temperature, ° F. 140 180 220 Av. 





No. of pigs* 8 
Av. initial wt., lb. 
Replicate 1 10. 
Replicate 2 s 10.8 
Av. 0. 10.8 


Av. daily gain, lb. 
Replicate 1 .50 0.63 
Replicate 2 108 0.61 
Av. 51 0.62 


Av. daily feed, lb. 
Replicate 1 .79 .05 
Replicate 2 .02 .06 
Av. .90 .05 


Feed per Ib. gain, Ib. 
Replicate 1 1.59 .67 
Replicate 2 1.93 .74 
Av. 1.76 .70 


* Two pens of four pigs each per treatment. Test period was 33 days. 





higher temperatures. In replicate 1 daily gains and daily feed increased 
with drying temperature. In replicate 2 the lowest gain was on the 140° F. 
corn and daily feed values were very similar for all temperatures. Total 
average gains on the 180° and 220° F. corns were, respectively, 22 and 
27% greater than on the 140° F. corn diet. Feed per pound of gain varied, 
but the average values show a slight decrease with increase of drying 
temperature. Analyses of experiments 2 and 3 revealed no statistically 
significant treatment effect; the combined analyses are shown in table 7. 

Hathaway et al. (1952) found in rat feeding trials that palatability of 
corn was lessened when drying temperatures higher than 140° F. were 
used. Hence, in experiment 4, 12 weanling pigs, three per pen, were given 
free access to the corns dried at different temperatures. In two of the pens 
the pigs had access to the three corns and a supplement, and in the other 
two pens the corns were roller-ground prior to being placed in the feeders. 
In each pen the single-hole feeders, three for corn and one for supplement, 
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TABLE 7. COMBINED ANALYSES OF EXPERIMENTS 2 AND 3 








Mean squares 





Source A. Daily gain* Daily feed Feed/Ib. gain 





Experiment (E) 1.32 .0134 .0140 
Temperature (T) 10.00 : .0007 
Pens within E and T 19.88 

Groups within E (G) 45.92* 

ExT 42.83 

GxT 15.75 

Remainder 14.53 





* P<0.05. 
® Covariance analysis with adjustment to equal initial weights. 


were rotated three times weekly to reduce positional effect upon selection 
of feed. 

Feed consumption was recorded weekly. Table 8 shows the rates of 
selection by the pigs. With shelled corns the pigs showed preference for 
the higher temperature corns over the five-week period, although the order 
of preference was not consistent from week to week. In contrast, when 
the corns were roller-ground the pigs consistently showed a distinct pref- 
erence for the corn dried at 140° F., consumption of the latter representing 


76% of total corn consumed. Average daily gain and feed per pound of 
gain were very similar for both treatments. Protein levels selected on the 
shelled and roller-ground corn treatments were, respectively, 15.6 and 
13.9%. 


TABLE &. EXPERIMENT 4. PERCENT SELECTION OF CORNS DRIED AT 
DIFFERENT TEMPERATURES WHEN FED FREE CHOICE WITH A 
COMPLETE SUPPLEMENT 








Shelled corn* Rolled corn*:” 





Item 140°F. 180°F. 220°F. 140°F. 180° F. 220°F. 





Week on test % % 


7 
85.0 : 4. 
68.4 : Ls 
5 
1 


Total 5-week period 

% choice ; . , A : 3.8 
Av. daily gain, lb. ee soln sia 
Feed per Ib. gain, Ib. 

Protein level selected, % 





* Three pigs in each treatment group, two replicates. Average initial weight, approximately 50 lb. 
» The shelled corns were run through a roller-mill prior to feeding. 
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Discussion. In the tests reported here, drying temperatures of 140°, 
180° and 220° F. had no deleterious effect on the nutritive value of corn 
for swine as measured by growth rate and feed utilization. That drying 
temperature did have some effect upon the constituents in the corn, how- 
ever, is indicated by the data in tables 9, 10 and 11. Table 9 shows that 
viability decreased as drying temperature increased. Since viability is an 
index of milling quality, it is quite likely that processing would be ad- 
versely affected by the higher drying temperatures. Jn vitro determinations 
indicated that increased temperature did not apparently affect the organic 


TABLE 9. RESULTS OF LABORATORY VIABILITY AND ENZYME DIGESTION 
TESTS WITH CORNS DRIED AT DIFFERENT TEMPERATURE ™*” 








Total organic Blank organic Organic 
solubles from malt solubles, solubles due 
Sample Viability, % treatment, % no malt, % to enzyme, % 





140° F. 100 : A ya 
180° F. 75 : : 
220° F. 44 1 
Standard 96 1. 





4 Ground samples were shaken 1.5 hr. at room temperature in 100 ml. of malt extract (equivalent 
to 0.05 gm. of malt). Chromic acid oxidizable material in the filtrate was determined spectrophoto- 
metrically and calculated as starch on an original sample basis. 

» This information available through the courtesy of Dr. S. A. Watson and Dr. R. J. Smith, Research 
Department, Corn Products, Argo, Illinois. 


solubles portion but starch became slightly less susceptible to malt amylase 
digestion as drying temperature increased. This would suggest feeding 
results similar to those of Hathaway et al. (1952) who found that as an 
energy source for rats corn decreased in value as drying temperatures 
exceeded 160° F. The latter workers also reported decreased protein nutri- 
tive value when drying temperature exceeded 140° F. Species differences 
are involved, however, as reported by Davis and Cabell (1957), who 
found nutritive value of corn dried above 135° F. to be deleteriously 
affected for rats, but apparently unaffected for swine. 

In the present report pigs weaned at two weeks of age were used in 
two trials. Since the enzyme system of the 2-week-old pig is still developing 
(Bailey et al., 1956; Hudman e¢ al., 1957; Kitts et al., 1956), sensitivity 
to alteration of the corn by heating should be greater than with the 
weanling pigs used in the first experiment. However, in the two trials with 
the two-week-old pigs no consistent evidence of impaired nutritive value 
was detected. In the first of the two trials, one replicate exhibited a decrease 
in gain with increasing drying temperature. In the second test, the rate of 
gain was higher on the 180° and 220° F. corns than on the 140° F. corn. 
Neither of these trends, however, was statistically significant. 

Using a laboratory dryer, Gausmann e¢ al. (1952) dried corns of less 
than 40% initial moisture at temperatures of approximately 110°, 129° 
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TABLE 10. RIBOFLAVIN, PANTOTHENIC ACID, NIACIN AND CAROTENE 
CONTENTS OF CORNS DRIED AT DIFFERENT TEMPERATURES * 








Content, mg. per lb. 





Drying Pantothenic 
temperature Riboflavin acid Niacin Carotene 





140° F. 0. 2.58 11.16 1.25 
180° F. 0. 2.40 11:53 1.22 
220° F. 0. 2.31 11.20 1,22 
NRC” 0. 2.70 10.50 2.00 


® Methods of assay: Riboflavin, A.O.A.C., 823 (1955) 8th Ed.; Pantothenic acid, Neilands and 
Strong, Arch. Biochem. 19:287 (1948); Niacin, A.O.A.C., 826 (1955) 8th ed.; Carotene, Moore and 
Ely, Ind. Eng. Chem., Anal. Ed. 13:600 (1941). 

» National Research Council. 





and 181° F. and found only minor effects on content of niacin, pantothenic 
acid, riboflavin and pyridoxine. In the present report, table 10, there was 
no appreciable effect of drying temperature upon content of riboflavin, 
niacin and carotene, but pantothenic acid level was decreased approximately 
7% and 10% when drying air temperatures were increased to 180° and 
220° F, respectively. This decrease in pantothenic acid, however, would 
usually be of insignificant consideration in practical rations. It should be 
pointed out that these analyses were performed on samples of corns taken 
approximately 6 months after the actual drying. Relative to the average 
values for No. 2 yellow corn listed by NRC, (1953), carotene values are 
low and may reflect storage loss. 

Proximate analysis, table 11, revealed an apparent increase in ether 
extract and crude fiber values from a drying temperature of 220° F. over 
140 and 180° F. The present tests were not precise enough to measure 
such minute differences nutritionally. Perhaps, also, these values reflect 
the insensitive nature of proximate analysis for determining true alteration 
or modification of nutrients per se. 

When weanling pigs had free access to all the corns in shelled form no 


TABLE 11. ANALYSIS OF CORNS DRIED AT DIFFERENT TEMPERATURES 








Drying Ether Nitrogen 
temperature Dry matter extract x 6.25 Crude fiber 


To Yo %o Yo 
140° F. 87.02 3.78 8.06 2.30 
180° F. 87.31 3.80 7.88 2.30 
220° F. 89.39 4.32 8.06 2.54 





Expressed as % of dry matter content 
140° F. 4.34 9.26 2.64 
180° F. 4.35 9.02 2.63 
220° F. 4.83 9.02 2.84 
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definite preference was exhibited, although for the five-week test the per- 
cent of total corn eaten was 26.1, 34.0 and 39.0, respectively, for the 140°, 
180° and 220° F. corns. The latter figure was markedly influenced by 
the first week’s results which showed 65% selection for the 220° F. corn. 
When the corns were roller-ground, the percent selection of the 140°, 180° 
and 220° F. corns was, respectively, 73.5, 25.0 and 1.5. This predominant 
choice of the lower temperature corn prevailed throughout the five-week 
period. 

The absence of any measurable adverse nutritive effect from the drying 
temperatures used is probably due, in part at least, to the drying conditions. 
As was demonstrated by Cabell e¢ al. (1958) higher temperatures can be 
used when sufficient air flow is provided. In the drying process used in 
this report, an air flow of approximately 75 CFM/bu. was used and there 
was no evidence of kernel damage due to heating. 


Summary 


Four experiments involving 48 two-week-old pigs and 48 growing- 
finishing pigs were conducted to study the effect of drying air temperatures 
upon nutritive value of corn. Drying temperatures and times with an 
on-the-farm portable batch drier of 375-bushel capacity were, respectively, 
140° F., 2 hours, 30 minutes; 180° F., 1 hour, 27 minutes; 220° F., 55 
minutes. Average corn moisture before and after drying was 21.5% and 
12.2%, respectively. 

Average gain and feed efficiency on the different corns were very similar 
within each experiment. In a 5-week palatability test 50-pound pigs showed 
a very slight preference for 220° F. shelled corn. When corns were roller- 
ground, the choice was definitely and consistently for the 140° F. corn. 

Viability tests, used to measure possible milling quality, showed decreas- 
ing viability with increasing temperature above 140° F. Increased tem- 
perature did not appear to affect the organic solubles portion but the 
starch became slightly less susceptible to malt amylase digestion. 

Vitamin assays showed no effect of temperature on content of ribo- 
flavin, niacin and carotene. However, pantothenic acid values for 140° F., 
180° F. and 220° F. were, respectively, 2.58, 2.40 and 2.31 mg. per pound. 
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EFFECT OF VARIOUS TRANQUILIZERS ON GROWING AND 
FATTENING LAMBS! 


R. M. JORDAN AND H. E. HANKE 
University of Minnesota,’ St. Paul 


be addition of tranquilizers to livestock rations as an aid in obtaining 
increased production is under study in many laboratories. Sherman 
et al. (1957) and Hale e¢ al. (1959) reported increases in average daily 
gains and feed efficiency by lambs fed rations containing 1.2—2.0 gm. of 
hydroxyzine per ton. Burroughs e¢ al. (1959) fed 5 to 20 mg. of trifluo- 
meprazine to fattening steers, and obtained little response at these levels; 
however, when they fed 10 to 20 mg. to open heifers they obtained addi- 
tional daily gain. Andrews e¢ al. (1958) did not obtain increased gains of 
lambs fed 0.25 mg. of reserpine daily. Hansard et al. (1959) reported 
marked gains of lambs fed triflorperazine and hydroxyzine. Koch e¢ al. 
(1959) reported increased gains of fattening cattle fed 2.5 mg. or 5 mg. 
of trifluomeprazine. Kolari et al. (1959) and Baird et al. (1959) obtained 
no increase in gains of fattening cattle fed hydroxyzine. In general, the 
response to the various tranquilizers has been inconsistent. 

The experiments reported in this paper were conducted to determine 
the effect of chloropromazine, triflorperazine, trifluomeprazine and hydroxy- 
zine at various levels, on the average daily gain, feed consumption and 
feed efficiency of fattening lambs. 


Material and Methods 


Native feeder lambs of good to choice grade were used in all experiments. 
Prior to being placed on experiment the lambs were sheared and drenched 
with phenothiazine. The basa! ration fed the lambs in experiments 1 through 
4 consisted of long alfalfa-brome hay, shelled corn and soybean oil meal. 
In experiment 5, three different types of roughages were used. Two lots 
of lambs were fed alfalfa hay, two lots were fed % Ib. of alfalfa hay and 
a full feed of corn silage, and two lots received oat silage plus % lb. of 
alfalfa hay. A tranquilizer was fed to one lot of lambs on each of the 
major roughage treatments. In experiments 1-5 soybean oil meal was 
used as the carrier for the various tranquilizers fed. 

In experiment 6 the roughage and grain was ground and mixed. The 
soybean oil meal and tranquilizer were added and the entire mixture 


‘ —— No. 4306, Scientific Journal Series of The Minnesota Agricultural Experiment Station, 
t. Paul. 
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pelleted. This pelleted ration contained 50% roughage, 48% ground corn 
and 2% soybean oil meal. The control lambs in this experiment received 
an identical ration without the tranquilizer. 

In addition to the various feeds as described above, a mixture of equal 
parts of trace mineralized salt and bone meal was fed free-choice to the 
lambs in all the experiments. All the lambs were individually weighed at 
the start of the experiments, and approximately every 14 days thereafter. 
Results of the experiments were treated by analysis of variance (Snedecor, 
1946). 


Results and Discussion 


The kind and level of tranquilizer fed, rate of gain, feed consumption 
and feed efficiency data for all six experiments are presented in table 1. 

In experiment 1, the feeding of either 11 or 44 mg. of chloropromazine 
per lamb daily, or 4.4 mg. of triflorperazine resulted in no significant dif- 
ference in average daily gain or feed consumption. The feed required per 
lb. of gain was somewhat greater for the lambs fed triflorperazine. In 
experiment 2, average daily gains were slightly larger when either 22: mg. 
or 90 mg. of chloropromazine was fed in the first replication. However, 
in the second replication the control lambs gained the more rapidly. Sta- 
tistical analysis of the combined data from both replicates showed that 
these differences were not significant. Feed consumption and feed efficiency 
were not affected. 

In experiment 3, neither triflorperazine nor trifluomeprazine had a 
significant effect on average daily gain, feed consumption or feed efficiency 
when fed at levels of 1 and 5 mg daily. The results with trifluomeprazine 
were confirmed in experiment 4. 

In experiment 5, feeding 3 mg. of hydroxyzine to lambs on a corn- 
alfalfa hay ration did not affect average daily gain, feed consumption or 
feed efficiency. Lambs fed 6 mg. of hydroxyzine in the corn silage ration 
gained somewhat slower than the controls; and those fed 6 mg. in the 
oat silage ration gained slightly faster. Differences were not statistically 
significant. No sedation was noticed. Within a roughage treatment, feed 
required per lb. of gain was variable and appeared to be a direct reflection 
of the average daily gain and not due to the hydroxyzine fed. In experi- 
ment 6, this tranquilizer fed in a pelleted corn-alfalfa ration at a level 
of 3.3 mg. per lamb daily produced no significant difference in average 
daily gains. The lambs fed hydroxyzine were more difficult to keep on 
feed and the average daily feed consumption was somewhat less than 
that of the controls. 
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No. Av.in. Av.daily Av.daily Feed/Ib. 
Treatment * lambs’ wt.,lb.  gain,Ilb. feed, lb. gain, lb. 
Experiment 1—42 days 
Control 13 76.7 0.63 3.64 5.76 
Chloropromazine, 11 mg. 13 74.1 65 3.68 5.62 
Chloropromazine, 44 mg. 13 74.3 .64 3.64 5.69 
Triflorperazine, 4.4 mg. 13 Tet .60 3.59 5.98 
Experiment 2—-42 days 
Control (Rep. 1) eee | 74.8 .60 3.84 6.40 
Control (Rep. 2) 13 74.8 .66 3.84 5.82 
Chloropromazine, 22 mg. (Rep. 1) 13 74.9 64 3.84 6.00 
Chloropromazine, 22 mg. (Rep. 2) 13 752 .61 3.87 6.35 
Chloropromazine, 90 mg. (Rep. 1) 12 74.2 62 3.84 6.19 
Chloropromazine, 90 mg. (Rep. 2) 12 1300 .58 3.82 6.58 
Experiment 3—49 days 
Control 15 73.9 .59 3.76 6.36 
Triflorperazine, 1 mg. 15 133 .60 au7F 6.36 
Triflorperazine, 5 mg. 15 76.3 .56 STF 6.79 
Trifluomeprazine, 1 mg. 14 73.6 58 3.80 6.54 
Trifluomeprazine, 5 mg. 14 72.0 .56 3.79 6.78 
Experiment 4—50 days 
Control 13 74.6 52 3.44 6.61 
Trifluomeprazine, 1 mg. 13 74.3 50 3.21 6.40 
Experiment 5—64 days 
Control, hay 12 74.4 Be? 3.40 6.52 
Hydroxyzine, 3 mg. 12 74.9 .54 3.39 6.31 
Control, corn silage 10 74.9 52 4.16 8.05 
Hydroxyzine, 6 mg. 11 73.4 .46 4.32 9.27 
Control, oat silage 12 + 74.5 45 4.26 9.51 
Hydroxyzine, 6 mg. 12 73.8 .48 4.30 8.96 
Experiment 6—77 days 
Control, pellets 14 73.6 43 3.39 7.87 
Hydroxyzine, 3.3 mg. 14 73.1 41 3.33 8.12 
* Tranquilizer in amount per lamb daily. 
Summary 


Six feeding experiments involving a total of 324 lambs were conducted 
to determine the effect of feeding chloropromazine, triflorperazine, trifluo- 
meprazine and hydroxyzine on average daily gain, feed consumption and 
feed efficiency. The lambs were all full-fed a fattening ration. Soybean oil 


meal was used as the carrier for the various tranquilizers fed. 


None of the tranquilizers, regardless of the level at which they were fed, 
had any significant effect on the production factors studied. 
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1, 2, 3, 1960, BIRMINGHAM, ALABAMA 


1. FEED ADDITIVES FOR GROWING PIGS. C. E. Barnhart and R. Bingham, 
University of Kentucky, Lexington. 


Two trials involving 196 young pigs were conducted to compare various feed 
additives. A corn soybean meal basal ration was fed. In trials 1 and 2, two lots of 
four pigs each were fed each ration treatment. In trial 1 the various additives per ton 
of ration were: (1) none, (2) 100 gm. chlortetracycline, (3) 100 gm. furazolidone, (4) 
90 gm. arsanilic acid, (5) 45 gm. 3-nitro 4-hydroxyphenyl arsonic acid, (6) 100 gm. 
Tennecetin, (7) 50 gm. 5-nitro 2-furaldehyde 2-semicarbazone, (8) 2 Ib. copper 
sulfate, (9) 50 gm. chlortetracycline, 50 gm. furazolidone, (10) 25 gm. furazolidone, 
25 gm. 5-nitro 2-furaldehyde 2-semicarbazone. The average daily gain and feed per 
Ib. of gain were: (1) 1.31, 3.10; (2) 1.40, 2.81; (3) 1.22, 3.24; (4) 1.36, 2.98; (5) 
1.32, 3.02; (6) 1.36, 3.01; (7) 1.40, 2.88; (8) 1.31, 2.84; (9) 1.37, 2.89; (10) 1.41, 
2.91. In trial 2 the various additives per ton of ration were: (1) none, (2) 25 gm. 
furazolidone, (3) 25 gm. 5-nitro 2-furaldehyde 2-semicarbazone, (4) 25 gm. furazolidone, 
25 gm. 5-nitro 2-furaldehyde 2-semicarbazone, (5) 50 gm. 5-nitro 2-furaldehyde 
2-semicarbazone, (6) 2 lb. copper sulfate, (7) 50 gm. 5-nitro 2-furaldehyde 2-semicar- 
bazone, 2 lb. copper sulfate, (8) 25 gm. oxytetracycline, (9) 20 gm. oxytetracycline, 
5 gm. oleandomycin, (10) 50 gm. BA9837. The average daily gain and feed per lb. 
gain were: (1) 1.13, 2835. (2). 1.28, :2.913..(3). 1.37, 2.923 (4))1.14, 2.96; (5) 1:31, 
2:85 ;3..(6). 1.39, 2.765. .€7). 1:24, 2,913..(8). 4.21, 3.083 (9)1.29,:2.813. €10) 1.28, 287. 


2. EFFECT OF ENERGY LEVEL ON REPRODUCTIVE PERFORMANCE OF 
GILTS. Lemuel Goode, A. C. Warnick and H. D. Wallace, University of Florida, 
Gainesville. 


Two trials, each involving 24 gilts, were conducted to study the effect of level 
of energy intake upon reproductive performance. Equal numbers of purebred Duroc 
gilts weighing 100 to 130 lb. were randomly assigned to high and low energy treatment 
groups. The high energy diet contained 55.0% ground yellow corn, 15.0% ground 
oats, 17.0% soybean oil meal and 10.0% dehydrated alfalfa leaf meal as compared 
with 12.4% ground yellow corn, 30.9% ground oats, 3.0% soybean oil meal and 
52.0% dehydrated alfalfa leaf meal in the low energy diet. The diets were approximately 
equal in percent crude protein, minerals and B vitamins. The gilts were individually 
confined in dirt pens and both diets were self-fed. All gilts were bred at the second 
heat period and randomly assigned to 3- and 25-day slaughter groups within energy 
treatments. Gilts receiving the high energy diet attained puberty earlier, 227 vs. 256 
days, and gained faster, 1.44 vs. 0.93 Ib. daily, than gilts on the low energy diet. The 
average ovulation rates at the first and second heat periods were 11.3 and 13.5 for 
gilts on the high energy diet compared with 11.4 and 14.1 for those on the low 
energy diet. The number of normal embryos in gilts slaughtered at 25 days post- 
breeding averaged 9.1 and 10.5 for the high and low energy treatments respectively. 


3. COMPARATIVE PERFORMANCE OF PIGS WEANED AT THREE VERSUS 
EIGHT WEEKS OF AGE. R. F. Sewell and J. H. Maner, University of Georgia, 
Athens. 


Data were obtained on a total of 397 pigs during three seasons to study the 
performance of pigs weaned at 3 weeks of age as compared to 8 weeks. The pigs were 
either weaned and confined to a pig nursery or placed on alfalfa pasture with their 
dams when they were 3 weeks of age. Pigs weaned at 3 weeks of age gained at a 
significantly faster rate than those weaned at 8 weeks of age during all seasons. 
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Winter-farrowed pigs gained faster than summer-farrowed pigs on both treatments, 
apparently reflecting the heavier weights at 3 weeks of age for the winter-farrowed 
pigs. Average data for pigs weaned at 3 and 8 weeks were, respectively: (1) daily 
gain, 0.81 Ib., 0.65 Ilb.; (2) daily feed consumption, 1.49 lb., 0.66 lb.; and (3) final 
weights at 8 weeks, 38.02 Ib., 31.88 lb. Mortality was slightly lower among the pigs 
weaned at 3 weeks of age. 


4. COST OF PRODUCING, PROCESSING AND CARCASS CHARACTERISTICS 
OF 160- AND 220-POUND HOGS. A. M. Mullins, G. L. Robertson, D. M. 
Thrasher, R. F. Boulware and Edmond Guillot, Louisiana State University, Baton 
Rouge. 


One hundred weanling pigs (av. weight 42.3 lb.) were equally divided by sex, 
weight and litter into two lots. Pigs in both lots were fed the same growing-finishing 
rations to final weights of 160 and 220 Ib. Protein levels were 18, 16 and 14% 
during weight intervals of 42-100, 100-160 and 160-220 lb. respectively. Weight gains 
and feed efficiency were recorded biweekly during the experiment. Hogs were 
slaughtered at pre-determined slaughter weights for each lot with carcass measure- 
ments, carcass cut-out data and processing yields recorded. Feed requirements per 
100 Ib. gain were 118.5 lb. more for weight gains from 160 to 220 lb. than from 60 
to 120 Ib. Feed costs per 100 Ib. gain were $8.75, $11.83 and $11.72 for gains from 
42 to 100, 100 to 160 and 160 to 220 lb., respectively. Carcasses from 220-lb. hogs 
had greater backfat thickness, higher dressing percent and higher percent fat trim. 
Carcasses from 160-Ib. hogs had higher percent 4-lean-cuts, primal cuts and a larger 
loin eye area per unit of carcass weight. Carcasses from 160-lb. hogs were more 
valuable per 100 lb. based on Chicago wholesale prices for pork cuts. Cuts from the 
heavier hog carcasses had higher yields after curing than those from the 160-lb. hogs. 


5. EFFECTS OF COOLING DEVICES ON RATE OF GAIN AND FEED 
EFFICIENCY OF GROWING SWINE. Sidney J. Long and Bryan Baker, Jr., 
Mississippi State University, State College. 


During the summers of 1957, 1958 and 1959 a total of 303 Duroc and Hampshire 
swine were allotted to four treatments: Control (no cooling device) ; Spray cooled; 
Sanitary concrete wallows; and Mud wallows. All groups were self-fed a 14% 
corn-soybean meal ration on pasture, furnished artificial shade and given access to 
drinking water from automatic waterers. Each year each treatment was replicated. 
The average daily gains and feed required per 100 lb. of gain in Ib. for the 3-year 
period were: Control, 1.26 and 400; Spray cooled, 1.40 and 376; Sanitary wallows, 
1.40 and 379; and Mud wallows, 1.42 and 355. Statistical analysis of the growth 
rate data revealed that significant differences due to treatment, replication and years 
were present and Duncan’s multiple range test showed that the cooling treatments did 
not differ among themselves but did differ from the control lot. Treatments had no 
significant effect on feed efficiency but feed efficiency differed between replicates. 
The differences in growth rate and feed efficiency between replicates can be accounted 
for, at least in part, since the average initial weight of the animals was 51 lb. for one 
replicate and 84 Ib. for the other. The 14% ration probably did not contain adequate 
protein for the lighter weight replicate. 


6. MEAT TENDERNESS—HISTOLOGICAL APPROACH OF MEASURING 
MEAT TENDERNESS IN THE LIVE ANIMAL OR CARCASS. A. M. Mullins, 
G. L. Robertson, R. F. Boulware and J. C. Geer, Louisiana State University, 
Baton Rouge and New Orleans. 


Samples were taken from the Longissimus dorsi of 20 carcasses with shear values 
of this muscle ranging from 10.81 to 39.38 lb. for a 1” core. Samples were also taken 
from the Longissimus dorsi and Semitendinosus muscles of one live animal just prior 
to slaughter. Samples were preserved in formalin solution prior to staining by Wilder’s 
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technique for reticulin fibers. Some samples were sectioned on a microtome for 
staining, and others were teased into individual muscle fibers by the use of a Waring 
blender before staining. Examination of reticulin fibers under the microscope enabled 
differentiation between samples according to shear values of the samples of extreme 
tenderness differences. More difficulty was encountered in differentiating samples of 
less tenderness variation. 


7. PRELIMINARY COMPARISONS OF A NEW TENDERNESS MEASURING 
DEVICE WITH OBJECTIVE AND SUBJECTIVE EVALUATIONS OF BEEF. 
R. F. Kelly, J. C. Taylor and Paul P. Graham, Virginia Agricultural Experiment 
Station, Blacksburg. 


A new tenderness measuring device (KT) whose action simulates one’s teeth 
during mastication is being studied. Two steel plates 2 in. square and machined to 
pyramidal points % in. apart and % in. high are aligned so that their points would 
meet. The lower plate is connected to a hydraulic gauge. The upper plate moves 
down until the points of the top and bottom plate nearly meet after which it moves 
sideways to complete the “bite.’”’ The resistance exerted by a 1-in. cylindrical core of 
meat of standard thickness when pressed between the two plates is measured by the 
hydraulic gauge. Bites are repeated until the resistance offered by the meat is 
negligible. The device has been used to evaluate beef from 223 beef cattle of known 
nutritional history and age and its performance compared to the Warner-Bratzler 
shear, taste panel evaluation (tenderness, juiciness and number of chews), marbling 
and carcass grades. Data presented were collected on the cooked samples of meat. 
The linear correlation coefficients with taste panel evaluation for the Warner-Bratzler 
and (KT) were, respectively: tenderness, .630 and .408; number of chews, .596 
and .293; juiciness, .327 and .280. The coefficients were, respectively; marbling, —.408 
and —.296; and carcass grade, —.428 and —.385. All these coefficients were highly 
significant. The correlation coefficient for the KT and Warner-Bratzler shear was .399 
(highly significant). These data indicate that in its present stage of development the 
KT is not as valuable as the Warner-Bratzler Shear. 


8. INFLUENCE OF TWO LEVELS OF TAPAZOLE ON GAIN AND CARCASS 
GRADE OF STEERS FED STILBESTROL. P. T. Marion, Texas Agricultural 
Experiment Station, Spur. 


Tapazole is a goitrogen which exercises a blocking action upon the secretion of 
the thyroid gland. (Tapazole is the Eli Lilly, trade name of the chemical 1-methyl 
2-mercaptoimidazole). This drug was tested to determine whether or not it would 
increase fattening and improve carcass grades of steers fed stilbestrol. Forty steers 
weighing an average of 772 lb. were divided into four equal lots of 10 head and fed 
the following additives: Lot 1, none; Lot 2, 10 mg. stilbestrol; Lot 3, 10 mg. 
stilbestrol plus 300 mg. Tapazole; and, Lot 4, 10 mg. stilbestrol plus 600 mg. Tapazole. 
Stilbestrol was fed to Lots 2, 3 and 4 for the entire 140-day feeding period, but the two 
levels of Tapazole were fed only the last 60 days. Daily gains for lots 1, 2, 3 and 4 
averaged 2.25, 2.73, 2.62 and 2.62 lb., respectively, and carcass grades averaged 8.2, 
8.0, 8.2 and 8.0, respectively, (High Good = 9, Good = 8 and Low Good = 7). The 
feeding of 300 and 600 mg. of Tapazole during the last 60 days of the 140-day feeding 
period did not increase gains nor improve the carcass grades of steers fed 10 mg. of 
stilbestrol. 


9. EFFECT OF IMPLANTING DIETHYLSTILBESTROL BOTH WITH AND 
WITHOUT OXYTETRACYCLINE ON THE PERFORMANCE OF GRAZING 
STEERS. N. W. Bradley, A. R. Parsons and W. P. Garrigus, University of Kentucky, 
Lexington. 

A total of three experiments during the past three grazing seasons have been 

completed. During each of the first two years 48 yearling steers were divided into. a 
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control group and a group which received oxytetracycline mixed in salt so that each 
steer received about 80 mg. of oxytetracycline daily. Each group of 24 steers was 
subdivided for diethylstilbestrol implant treatment. Forty steers used during the 
1959 experiment were also equally divided for oxytetracycline treatment and sub- 
divided for diethylstilbestrol implant treatment. During 1957, 1958 and 1959 the 
steers were on bluegrass pasture for 136, 142 and 172 days, respectively. The treat- 
ments and average daily gains for the 1957 experiment are as follows: plain salt— 
no DES, 1.08; plain salt—12 mg. DES, 1.31; plain salt—24 mg. DES, 1.37; 
oxytetracycline—no DES, 1.07; oxytetracycline—12 mg. DES, 1.53; oxytetracycline 
—24 mg. DES, 1.59. The treatments and average daily gains for the 1958 experiment 
are: plain salt—no DES, 1.42; plain salt—12 mg. DES, 1.44; plain salt—24 mg. DES, 
1.59; oxytetracycline—no DES, 1.61; oxytetracycline—12 mg. DES, 1.64; oxytetracy- 
cline—24 mg. DES, 1.85. The treatments and average daily gains for the 1959 
experiment are: plain salt—no DES, 1.47; plain salt—24 mg. DES, 1.84; oxytetracycline 
—no DES, 1.60; oxytetracycline—24 mg. DES, 1.90. An analysis of variance of the 
three years results showed significant differences due to oxytetracycline and highly 
significant differences due to 24 mg. DES implants. The interaction between DES and 
oxytetracycline approached significance. 


10. EFFECTS OF EQUINE GONADOTROPINS AND PROGESTERONE ON 
VARIOUS REPRODUCTIVE PHENOMENA OF THE EWE. G. H. Kiracofe 
and J. W. Gossett, Virginia Agricultural Experiment Station, Blacksburg. 


Equine gonadotropins were injected during the follicular phase of the estrous 
cycle and weekly progesterone injections were given during early gestation in a 2-year 
experiment (1957-58 and 1958-59) involving a total of 281 ewes. During the first 
year 600, 800 and 1000 I. U. of PMS and 0, 25, 50 and 75 mg. of progesterone were 
used. Ewes receiving the respective PMS treatment and slaughtered 48 hours after 
breeding exhibited an average of 1.75, 2.25, and 5.0 ova; these differences were 
significantly different at the .05 level of probability. The ewes slaughtered at 40 days 
of pregnancy produced an average of 2.14, 2.89 and 2.38 corpora lutea and averaged 
1.71, 1.89 and 1.75 live embryos for the respective treatments. Progesterone administra- 
tion appeared to increase embryonic mortality. Ewes which were allowed to lamb 
and received only the respective PMS treatments parturiated 1.44, 1.55 and 1.77 
lambs. The second year 0, 800 and 1000 I. U. of PMS were administered during 
proestrus. Ewes slaughtered at 40 days of pregnancy exhibited average ovulation 
rates of 1.61, 2.42 and 3.79 and differed significantly at the .01 level. These same ewes 
contained 1.28, 1.42 and 1.63 live embryos for the respective treatments. Ewes allowed 
to lamb parturiated 1.67, 1.77 and 1.84 lambs respectively. All the data were analyzed 
by the chi-square method, and a portion of the results were transformed and an 
analysis of variance was applied. Results from the two methods of analysis were 
the same. 


11. RESPONSE OF PIGS TO DIETHYLSTILBESTROL AND TESTOSTERONE 
FED IN DIETS HIGH AND LOW IN ENERGY AND PROTEIN. O. M. Hale, 
W. C. McCormick and D. W. Beardsley, Georgia Coastal Plain Experiment 
Station, Tifton. 


Castrated male pigs averaging about 60 lb. were used to determine the effects 
of hormones on performance and carcass traits of growing and finishing swine fed 
diets containing two levels of energy and two levels of protein. In each of two 
experiments, 72 pigs were assigned at random to 12 treatments of six pigs each. Pigs 
were housed individually in concrete-floored pens and self-fed. Diethylstilbestrol was 
fed at the rate of 2 mg. per pig daily and methyl testosterone at 20 mg. Pigs were 
slaughtered when they reached about 205 Ib. and detailed carcass data were obtained. 
Average daily gains of control pigs and those receiving testosterone were 2.00 and 
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1.73 Ib. on the high energy diets, respectively, while on the low energy diets identical 
average daily gains of 1.66 lb. were obtained. Stilbestrol exerted no effect on gains. 
Best feed efficiency (2.98 Ib. feed per lb. gain) was obtained on the high energy-low 
protein diet containing stilbestrol. Testosterone decreased average backfat thickness 
of pigs on all diets; however, the greatest reduction was obtained in pigs fed low- 
protein diets. Average backfat thickness of control and testosterone-treated pigs fed low- 
protein diets was 1.70 and 1.48 in., respectively, while that of control and testosterone- 
treated pigs fed high protein diets was 1.54 and 1.43 in., respectively. Stilbestro] exerted 
no effect on backfat thickness. Neither stilbestrol nor testosterone had an effect on 
carcass length or area of loin eye muscle. 


12, BREEDING PERFORMANCE IN FEMALE MICE DURING AND AFTER 
FEEDING FOUR LEVELS OF STILBESTROL. J. W. Lassiter, University of 
Georgia, Athens. 


During a 10-day breeding period five groups each of six mature female mice were 
allowed, ad libitum, during the day either 0.00, 0.01, 0.1, 1.0 or 10 ppm. of dietary 
stilbestrol. The diets were removed each night and one of five males was allotted at 
random to each group. The males were individually caged and fed a commercial 
laboratory diet during the day. One mouse (dead) was born from this breeding period. 
Following the 26-day period allowed for gestation, each group was divided for a 
second 10-day breeding period, half continuing their respective day-time diets, the 
other half receiving the basal diet. Following this period, all stilbestrol diets were 
replaced by basal diets. From the start of the second period, the males were again 
randomly allotted to the groups at night, either until all the females were pregnant or 
for 101 days. The only litter from the second period was from a female fed continuously 
on the basal diet. Following removal of stilbestrol, all but two females had litters. 
Days until parturition after stilbestrol removal averaged 30.0, 36.7, 34.3, 50.0, 60.5, 
49.7, 35.5, 50.3, 42.7 and 65.5, respectively. Average litter sizes were 8.0, 6.0, 7.0, 7.7, 
8.0, 7.0, 9.0, 6.3, 6.3 and 6.0. Average birth weights were 1.42, 1.43, 1.46, 1.50, 1.33, 
1.46, 1.34, 1.42, 1.52 and 1.53 gm. No differences were statistically significant. These 
results indicate that the almost complete reproductive inhibition caused by these 
levels of stilbestrol will be overcome after stilbestrol removal. 


13. COMPARISON OF GROWTH HORMONE CONTENT OF PITUITARY 
GLANDS FROM DWARF AND NORMAL BEEF CALVES. Thomas J. Marlowe, 
Virginia Agricultural Experiment Station, Blacksburg. 


Pituitary glands from 30 dwarf and 30 normal calves of comparable ages, sex and 
breed were assayed for growth hormone content. A series of four assays was conducted 
using hypophysectomized, immature, female rats as the assay animal and the tibia 
test as the measure of response. Conventional least squares analysis was used to 
estimate the effects of source of hormone, preparation of material, sex and breed of 
calf, level of injection, reader differences, and differences in initial rat weight on the 
width of the epiphyseal cartilage. Analysis of the data indicated: (1) a significantly 
higher level of growth hormone per unit of pituitary powder from normal calves in 
three of the four trials (There is no explanation immediately apparent for the failure 
of trial 4 to show a significant difference); (2) the response from all treated groups 
significantly greater than from the control groups; (3) air-dried and freeze-dried 
preparations more potent than acetone-dried preparation; (4) no significant difference 
due to sex of calf; (5) a breed difference when acetone-dried whole glandular powder 
was injected but no significant difference when air-dried A.P. powder was used; (6) 
cartilage width increased as level of injection increased from 0 to 800 micrograms based 
on 242 observations; (7) measurements by reader 1 always significantly larger than 
those by reader 2; and (8) adjusting for minor differences in initial rat weight within 
trials had no significant effect on cartilage width. 
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14. LONG-TERM HIGH-LEVEL FEEDING OF OXYTETRACYCLINE TO FAT- 
TENING STEERS. W. H. Hale, W. B. Hardie, W. C. Sherman, W. P. Crawford 
and W. M. Reynolds, Chas. Pfizer & Co., Inc., Terre Haute, Indiana. 


A group of six steers was fed the following quantities of oxytetracycline per head 
daily: first through 42nd days, 0.5 gm.; 43rd through 68th day, 1.0 gm.; 69th through 
126th day, 5.0 gm. Average daily gain and feed efficiency (lb.) for these periods were 
2.75 and 7.68; 2.09 and 10.86; and 2.44 and 8.89, respectively. Over the entire 126 
days they were 2.46 and 8.81, as compared with 2.38 and 8.64 for control animals over 
a 140-day period. The treated steers were fed 3 lb. of hay, limited cob, full feed of 
cracked shelled corn and 4 Ib. of a low protein supplement. The oxytetracycline was 
supplied in the protein supplement. The control steers received a similar ration except 
that the protein was fed at 2 lb. per steer daily to supply a similar amount of protein. 
No adverse effects were noted from the high level feeding of oxytetracycline other 
than a slight reduction in feed intake on the third and fourth day after the antibiotic 
feeding was started, and slight bloating in two of the steers for 2 days when the 
oxytetracycline was raised from 1 gm. to 5 gm. daily. Artificial rumen studies showed 
depressions in cellulose digestion the second day after the introduction of the 500-mg. 
level and when the levels were raised to 1 and 5 gm. Cellulose digestion returned to 
normal or near normal by the fifth day after the introduction of the antibiotic or 
change in level. Cellulose digestion was lower at the end of the 126-day period than 
at the beginning; however, this was apparently due to the higher grain level fed, as 
cellulose digestion of control animals showed a similar lowering at this stage. Rumen 
bacterial counts for the animals fed 5 gm. oxytetracycline were similar to those on 
controls. 


15. UTILIZATION OF BAGASSE IN FATTENING RATIONS. W. G. Kirk, F. M. 
Peacock and G. K. Davis, Range Cattle Experiment Station, University of Florida, 
Ona. 


Pellets containing 39% sugarcane bagasse were fed free-choice to three lots of 
yearling heifers for 120 days, Trial 1, and pellets with 30% bagasse to three lots of 
yearling steers for 144 days, Trial 2. Heifers in Trial 1 were 6 months older and 170 
lb. heavier than steers in Trial 2. Pellets given Lot 1 in both trials contained by weight 
30% cottonseed meal and those fed Lots 2 and 3 had 16% and 17% meal and 2.5% 
urea. Pellets fed Lots 1 and 2 contained citrus pulp and corn and those given Lot 3, 
only pulp. All pellets had the same amount of blackstrap molasses and mineral. In 
both trials Lots 1 and 2 were fed citrus molasses and Lot 3 a mixture of 1 part 
ethyl alcohol and 2 parts molasses. Heifers given alcohol, Trial 1, were fed 1 lb. 
daily and steers in Trial 2, 0.67 Ib. All cattle in Trial 1 had bloat and one animal in 
Lot 3 died on the 86th day. Feeding 2 lb. hay daily corrected this condition and 
increased rate of gain during the last 34 days. Hay was fed in Trial 2 with no incidence 
of bloat. Average daily gains in Trial 1 were 2.15, 1.83 and 2.06 lb. for Lots 1, 2 and 
3, respectively, and TDN per 100 lb. gain was 428, 487 and 470 Ib. Average daily 
gains in Trial 2 were 1.75, 1.55 and 1.83 lb. for Lots 1, 2 and 3, respectively, and 
TDN per 100 Ib. gain was 583, 587 and 507 Ib. Alcohol fed with bagasse and urea. 
Trial 2, increased gains slightly and reduced nutrient requirement for gains 13% over 
Lot 1 check. 


16. DIGESTIBILITY AND FEEDING VALUE OF PELLETED AND NON- 
PELLETED CREEP FEEDS FOR BEEF CALVES. R. A. Alexander, J. F. 
Hentges, Jr., and J. T. McCall, Florida Agricultural Experiment Station, Gaines- 
ville. 

Purebred Angus and Hereford calves were creep-fed during two years to study the 
effect of pelleting on creep feeds. In year I, the 15 calves in Lot A were fed a mixture 
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of 80% pelleted cornmeal and 20% non-pelleted supplement, whereas the 15 calves in 
Lot B were fed cracked corn plus the supplement. Average daily creep feed consumption 
and gains (lb.) were, respectively; pelleted, 5.2 and 1.5; non-pelleted, 6.7 and 1.8. 
The weight increase of Lot B over Lot A was apparently due to a 1.5-lb. per day 
larger consumption of creep feed. In year II the 23 calves in Lot A were fed a 
pelleted mixture of 70% yellow cornmeal and 30% supplement whereas the 24 calves 
in Lot B were fed a non-pelleted mixture of 70% steamed rolled (flaked) corn and 
30% supplement. Average daily creep feed consumption and daily gains were, 
respectively ; pelleted, 4.2 and 1.9; non-pelleted, 4.0 and 2.1. Differences in weight gains 
and feed intake were not statistically significant ; however, the calves in Lot B had the 
higher average estimated slaughter grade. Digestibility data from steers and sheep 
indicated a slight advantage for the non-pelleted creep feeds. Digestion coefficient; for 
protein and energy were, respectively; pelleted, 74.0 and 82.7; non-pelleted, 75.0 and 
82.8 with steers; pelleted, 65.5 and 78.5; non-pelleted, 73.0 and 85.9 with sheep. 


17, EFFECT OF LIGHT, MODERATE AND HEAVY GRAZING INTEN- 
SITIES OF WINTER TEMPORARY PASTURE ON THE PERFORMANCE 
OF BEEF YEARLINGS. D. M. Baird, P. E. White, H. C. McCampbell and 
O. E. Sell, Georgia Experiment Station, Experiment. 


For three consecutive years beef cattle were grazed on a winter temporary pasture 
mixture of oats, ryegrass and crimson clover at light, moderate, and heavy grazing 
intensities. High-grade, weaned Hereford calves averaging 485 lb. in weight were 
allotted to the three grazing treatments on a basis of weight, sex, age and feeder 
grade. To adjust changes in grazing capacities due to weather and pasture forage 
availability, a group of “put and take’ animals were used that grazed similar forage 
when not on test lots. Due to weather conditions, there was considerable variation in 
forage production and animal performance between years. The three-year average 
stocking rate was 1.1, 1.5 and 2.1 cattle per acre, and the average number of grazing 
days was 119, 144 and 156 for the light, moderate, and heavy grazed lots. The A.D.G. 
for the three years were 2.39, 1.88 and 1.55 Ib. for the respective lots. Based on a 
within year analysis there was a highly significant difference in A.D.G. between each 
grazing intensity. Year differences of A.D.G. were also highly significant. Per acre 
gains were 306, 387 and 451 Ib., respectively, for the light, moderate, and heavy 
grazed lots with a pasture cost of 15.66, 12.10 and 10.21 dollars per cwt. of gain, 
respectively. Generally the slaughter grades and net return per head decreased with 
increased grazing intensities while return per acre increased. Parasitism, as indicated 
by worm recovery at post-mortem, was increased with increased grazing intensities. 
A stocking rate of about 1.5 cattle per acre appeared to be near a satisfactory com- 
promise between good animal gains and finish, and high per acre gains and forage 
utilization. 


18. LIVESTOCK PRODUCTION WITH RESCUE GRASS—POTENTIALITIES 
AND PROBLEMS. O. E. Sell, M. E. McCullough and D. M. Baird, Georgia 
Experiment Station, Experiment. 


Information obtained in grazing experiments shows that rescue grass has desirable 
nutritional qualities and sufficient stand persistency, if managed properly, to fulfill 
the need for a permanent or semi-permanent winter grazing crop in the Piedmont 
Section of Georgia. Rescue grass had an average dry matter digestibility of 72.4% 
and the daily dry matter intake by grazing animals has been comparable to that 
obtained from good quality oat and rye forage. Rates of gain of beef and growing 
dairy animals and of lambs, and milk production of dairy cows were comparable to 
those obtained from temporary pastures. A.D.G. of beef steers was 3.15 lb. on rescue 
grass and 3.16 Ib. on temporary pasture; dairy heifers made an A.D.G. of 1.63 lb. 
on rescue grass, 1.64 Ib. on rye and 1.91 Ib. on oats. An average 14-day milk production 
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persistency of 112% on rescue-alfalfa grazing and 107% on temporary pasture was 
obtained with dairy cows. The longevity of this grass and the percentage of stand in 
winter consisting of old surviving vs. seedling plants varied with soil site, the 
presence of competing grasses, summer grazing management and weather conditions. 
Infertile soil and land infested with Bermuda or Johnson grass are not favorable to 
successful stand maintenance. Summer grazing intensity is critical and should be light. 
Subterranean clover has survived better than Dixie crimson clover in mixture with 
rescue grass. Mixtures with alfalfa appear promising; the alfalfa should be established 
the year before rescue grass, and timeliness of nitrogen topdressings and adequate 
potash fertilization are important practices for maintenance of a balanced mixture 
of alfalfa and rescue grass. 


19. EFFECTS OF DRY LOT AND WINTER PASTURE FATTENING WITH AND 
WITHOUT GRAIN SUPPLEMENT ON BEEF CARCASS CHARACTERISTICS. 
H. C. McCampbell, D. M. Baird, W. E. Neville and O. E. Sell, Georgia Experiment 
Station, Experiment. 


The carcass information reported here was obtained from steers fed on the 1957-58 
winter pasture test of Baird, et al., J. Animal Sci. 18 (abstract). The calves were 
allotted on the basis of previous treatment, sex, weight and sire groups into five lots 
as follows: (1) Drylot; (2) Pasture only (oats and ryegrass); (3) Pasture + grain; 
(4) Treatment 3 + 24 mg. stilbestrol implant; (5) Treatment 4 + 2 mg. hydroxyzine 
per head daily. Detailed carcass observations were made on all slaughtered cattle. 
The carcasses from the pasture cattle were lower in external carcass finish and con- 
formation and showed a tendency toward yellow fat as compared with the carcasses 
obtained from the dry lot cattle. Carcasses from Lots 3, 4 and 5 receiving a grain 
supplement on pasture had a higher carcass conformation grade but did not have a 
higher finish grade, and the color of the outside fat was not consistently improved 
over the pasture-only treatment. The color of lean, texture of lean, and firmness of 
lean of the ribeye along with marbling and feathering were not affected significantly 
by any of the treatments. Carcass length and width of ribeye (but not the area of 
ribeye) were the only factors affected significantly by sire group. Severe weather 
conditions reduced winter forage growth and very likely had some effect on carcass 
characteristics. 


20. THE VALUE OF RYEGRASS PASTURES FOR BEEF STEERS. John C. 
Carpenter, Jr., Sherman A. Phillips and Paul B. Brown, N. E. Louisiana 
Experiment Station, St. Joseph. 


Three separate grazing trials (1956, 1957 and 1958), involving six lots of six steers 
each, were conducted to study the value of ryegrass pastures with and without 
supplemental feeding. The duration of the grazing trials was 112, 130 and 173 days 
for Trials 1, 2 and 3. The grazing period was divided into two phases. Phase I 
involved the grazing of three lots of steers on ryegrass without feed and three lots 
with hay free-choice for 58, 84 and 124 days, until the grass matured, for Trials 
1, 2 and 3. Phase II involved the comparison of feeding hay and/or concentrates to 
steers while grazing mature ryegrass. The treatments while grazing were as follows: 
8 lb. of oats per head/day; hay free-choice; hay plus 2.3 lb. of cottonseed meal 
per head/day; grazing alone; 8 Ib. of oats per head/day; and 2.3 Ib. of cottonseed 
meal per head/day. The length of the grazing period of Phase II was 54, 46 and 49 
days for Trials 1, 2 and 3. The steers grazing ryegrass pastures alone returned a 
greater profit than those fed while on grass. The treatments in order of net profit 
returned per acre of grazing ryegrass were as follows: grazing alone; hay free-choice; 
hay plus cottonseed meal; cottonseed meal; hay plus oats; and oats. The net profit 
returned ranged from $118.84 to $184.28 per acre. The steers on grazing alone made 
7% faster gains than the average of those fed while grazing. 
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21. DEHYDRATED ALFALFA SUPPLEMENTATION IN CATTLE FATTENING 
—PREFERENCE STUDY. Maurice L. Ray, University of Arkansas, Fayetteville. 


One hundred four individual, 30-min. observations of eating behavior of eight beef 
animals were obtained over a 13-week period for study of preferences exhibited for 
three forms of dehydrated alfalfa fed as a supplement to a fattening ration. Alfalfa was 
fed either as meal, 3/16 in. pellets, or ground pellets. The grain ration, a 4-3-2-1 
mixture of corn, oats, wheat bran and cottonseed meal plus 2 lb. crimped. barley added 
each feeding, was full-fed twice daily. Preferences were observed when each animal was 
offered simultaneously in a divided feed bunk: grain, grain + meal, grain + pellets, 
or grain + ground pellets. Preferences were measured as: (1) first choice selections, 
(2) minutes spent eating each preparation, and (3) total Ib. of each eaten. Animals 
were not accustomed to any of the feeds at initial observation. Later two animals were 
fed each combination for 1 week then again offered all four free-choice under 
observation. After each observation rations were rotated so that in 4 weeks each 
animal was fed each combination and observed four times. This procedure was 
replicated three times. The first preparation which an animal ate for 15 sec. or more 
was considered first choice. Rations containing alfalfa meal or ground pellets were 
selected first significantly fewer times than those with alfalfa pellets or unsupplemented 
grain. Grain and grain + pellets were consumed in significantly greater quantity than 
the other two rations. Time spent eating was greater for the unsupplemented ration 
followed closely by the ration with pellets. 


22. EFFECT OF WINTER SUPPLEMENTATION PRIOR TO FEEDLOT FEED- 
ING ON SUCCINOXIDASE ACTIVITY AND NUCLEIC ACIDS OF THE 
HEART AND MUSCLE OF CATTLE. R. L. Shirley, F. M. Peacock, W. G. 
Kirk, Fay T. Warner, J. F. Easley, R. Gilbreath, J. W. Carpenter, A. Z. Palmer 


and G. K. Davis, Florida Agricultural Experiment Station, Gainesville. 


Forty-eight Brahman-shorthorn crossbred heifers, approximately 8 months old 
divided equally into four dietary groups were wintered for 148 days on fair pasture, 
with supplements of 1.00, 1.25, 1.49 and 1.72 Ib. of cottonseed meal and 0.86, 1.36, 
3.91 and 7.24 lb. of citrus pulp per day, respectively. Animals from all four groups 
were fed a fattening ration in the feedlot for 140 days after wintering period. Following 
slaughter, samples of left ventricle and gracilis muscle were obtained and analyzed for 
succinoxidase activity and for nucleic acids by conventional methods. Values for 
succinoxidase activity in the heart ranged from 1400 to 1900 microliters of oxygen 
uptake /mg.N/ hour in the four dietary groups. Activity values of the muscle ranged 
from 40 to 63 microliters of oxygen uptake /mg.N/ hour and approached significance 
for effect of the wintering rations. The ribonucleic acid was greater (P<0.05) in the 
hearts of heifers fed at the higher level of nutrition during wintering. The ribonucleic 
acid of the muscle, and the desoxyribonucleic acid of the heart and muscle were not 
affected. The muscle had approximately one half as much total nucleic acids as the 
heart. 


23. SOME FACTORS INFLUENCING THE WEIGHT AND GRADE OF BEEF 
BULLS. T. J. Marlowe, R. J. Freund and J. B. Graham, Virginia Agricultural 
Experiment Station, Blacksburg. 


Weights, grades and condition scores were recorded on 438 young (12-24 mo.) and 
507 mature (2-11 yr.) Angus and Hereford bulls. Least squares estimates of the 
effects of breed, age, and condition score on weight and grade were calculated. All 
factors studied had a highly significant influence on both weight and grade. Average 
increase in weight per month of age was about 45 Ib. from 12-16 mo.; 20 lb. from 
17 to 36 mo.; 10 lb. from 37-48 mo.; with little change thereafter. Approximately 
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one-half of the mature weight had been reached by 12 months of age. Adjusted 
average weights for 12-month-old and mature bulls were 741 and 1425 lb. for Angus 
and 776 and 1496 lb. for Herefords, respectively. Corresponding grades were 12.4, 
13.7, 12.1 and 13.4. Grades increased significantly (12.4-13.3) from 12 to 24 months 
but not consistently with older bulls. A unit change in flesh condition (scored from 
1 to 5 for very thin to fat) had a significant effect on grade even though a conscious 
effort had been made to discount it when each bull was graded. Very thin bulls graded 
about 2/3 of a grade, or 2 grade points, lower and fat bulls about 1/2 of a grade, 
or 1.5 grade points, higher than bulls in average flesh condition. 


24. SHEARING OF HAMPSHIRE-CROSS MONTANA AND SUFFOLK-CROSS 
TEXAS EWES PRIOR TO BREEDING. P. G. Woolfolk and L. H. Boyd, 
University of Kentucky, Lexington. 


Twenty-five ewes were randomly selected from a group of 50 Hampshire-cross 
yearling Montana ewes and 25 from a group of 50 Suffolk-cross yearling Texas ewes 
and sheared on July 23 and 24, 1958, prior to being turned with rams on August 7, 
1958. The remaining two groups of 25 ewes each served as controls. Four Southdown 
rams were used. Each ram was run on pasture with 25 ewes made up as equally as 
possible from the four experimental groups of ewes in order to eliminate any bias in 
results due to breeding performance of the rams. A Hampshire ram was used as a 
clean-up ram at the end of the breeding season when all the ewes were turned together. 
All rams were sheared prior to the breeding season. Shearing of Montana ewes 
resulted in a two-week earlier average lambing date. Shearing of Texas ewes was of 
no benefit. The additional shearing did not yield more total wool clip in either group. 
Texas ewes lambed earlier than Montana ewes but produced approximately 9% 
fewer lambs. No differences were noted in birth or 56-day weights of the lambs from 


the two types of ewes. Results suggest that shearing prior to breeding may be beneficial 
in promoting earlier breeding for only certain types of ewes. It is very doubtful that 
the practice will pay as far as wool yield or quality is concerned. 


25. EFFECT OF GRINDING AND PELLETING ON FEEDLOT PERFORMANCE, 
DIGESTIBILITY AND INCIDENCE OF RUMEN PARAKERATOSIS IN 
LAMBS. H. A. Hopkins, J. P. Fontenot and W. M. Mestanza, Virginia Agricultural 
Experiment Station, Blacksburg. 


Five lots of 10 native late-spring lambs were full-fed the following rations during an 
83-day feeding period: Lot 1—Ground alfalfa hay and ground corn; Lot 2—Ground 
alfalfa and ground corn and pelleted; Lot 3—Long alfalfa and ground corn; Lot 4— 
Long alfalfa and pelleted corn; Lot 5—Pelleted alfalfa and ground corn. The hay to 
corn ratio was 1:1. The lambs received 0.1 Ib. soybean oil meal per head daily, in 
addition. Grinding the hay resulted in an increase in feed intake, average daily gain 
(P<.01), feed efficiency and dressing percent (P<.05). Pelleting the corn, hay, and 
entire ration did not effect rate of gain markedly but increased feed efficiency by 
7%, 5% and 3%, respectively. The digestibility of the five rations was determined. 
Three digestion trials were conducted with 10 yearling wethers, which were allotted 
at random to the five rations before each trial. Digestibility of crude fiber was 
lowered from 54.6 to 45.6 when the hay was pelleted (P<.01) and from 54.6 to 48.0 
when the entire ration was pelleted (approaching significance at 5% level), as 
compared with ground hay. Apparent digestibility of ether extract was increased 
slightly when the hay was ground and when the hay or corn was pelleted and was 
increased significantly when the entire ration was pelleted. Observations were made 
on 90 lambs concerning the incidence of rumen parakeratosis. It was found that 38% 
of the lambs fed pelleted feed and 4% of those fed non-pelleted feed had the condition 
(P<.01.) 
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26. RELATIONSHIP Oi HEMOGLOBIN LEVELS AND BODY WEIGHT OF 
HAMPSHIRE, RAMBOUILLET AND FLORIDA NATIVE EWES AT 
DIFFERENT SEASONS. P. E. Loggins, J. T. McCall and J. R. Crockett, 
Florida Agricultural Experiment Station, Gainesville. 


Twenty-four ewes, consisting of eight Hampshire, eight Rambouillet and eight 
Florida Native were weighed and hemoglobin levels determined every 28 days over a 
period of 36 months. The Hampshire and Rambouillet ewes were randomly selected 
from a group of 30 yearling ewes of each breed. These two groups were obtained from 
Tennessee and Texas, respectively. The Florida Native ewes were randomly selected 
from yearling ewes obtained within the state. Hemoglobin levels varied significantly 
between years, between breeds, between seasons and between seasons within years. 
Holding weight constant by using covariance technique it was found that year, 
season, season within year and breed significantly influenced hemoglobin levels. The 
lighter weight Florida Native ewes indicated a higher hemoglobin level than the 
heavier Hampshire and Rambouillet ewes. 


27. FATTENING LAMBS ON WINTER PASTURE. E. P. Warren and J. L. 
Carmon, University of Georgia, Athens. 


Ninety-three western whiteface feeder lambs averaging 67.5 lb. were randomly 
divided into three lots for a 100-day feeding period. Lot 1 was hand-fed in drylot 
a ground, mixed ration composed of alfalfa hay, alfalfa meal, yellow corn, cottonseed 
meal and minerals. Lot 2 grazed temporary winter pasture consisting of abruzzi rye, 
rye grass and crimson clover. Lot 3 was fed a limited amount of shelled yellow corn, 
during the last 85 days of the test, while grazing the same type pasture as Lot 2. 
Average daily feed consumption in Lot 1 was 3.0 Ib. Lots 2 and 3 each had access to 
approximately 13.0 acres of pasture with excess forage being utilized by yearling 
cattle. Calculated pasture utilization by the lambs was 2.88 acres per lot. Lot 3 
lambs consumed an average of 48.5 lb. of corn per lamb during the test. Average daily 
gains and slaughter grades were: 0.24, good; 0.36, low choice; and 0.36, high good for 
Lots 1, 2 and 3, respectively. Lots 2 and 3 gained significantly faster and graded 
significantly higher (P<0.01) than Lot 1. Average feed cost per lamb was: $6.24, 
$2.63 and $3.65 for Lots 1, 2 and 3, respectively. Ten lambs in each lot were shorn 
during the first month of the test. Average daily gain of the wooled lambs was 
significantly higher (P<0.05) than that of the shorn lambs (0.33 vs. 0.31). There was 
no difference between wooled and shorn lambs in slaughter grade. No ration x shearing 
interaction was found. : 


28. SOME FACTORS INFLUENCING MILK LAMB GAINS FROM 50 TO 90 
POUNDS LIVE WEIGHT. Don G. Brothers and Joe V. Whiteman, Oklahoma 
Agricultural Experiment Station, Stillwater. 


Partial regression coefficients were computed to determine the magnitude of influence 
of some factors on milk lamb average daily gains from 50 to 90 pounds. The data 
were obtained from 330 crossbred, fall-born lambs raised under similar conditions 
at the Fort Reno Experiment Station during 1956 and 1957. The factors considered 
in the regression model and their partial regression coefficients were: birth weight 
(a covariable), +-0.02 ; breed of dam (Rambouillet or PannamaXRambouillet), —0.005 ; 
type of birth, —0.03; sex, +0.03; type rearing, +0.01; year, +0.02; and sire, a 
range from —0.04 to +0.05. Twelve different Dorset sires were used. All factors 
considered accounted for 35% of the total variance of which 8% was removed by 
sire and 27% by factors other than sire. Hence the mean square for error contained 
65% of the total variance. Heritability of rate of gain from 50 to 90 lb. was computed 
by the paternal half-sib intra-class correlation method to be about .32 when only 
variance due to year was removed but increased to about .44 when all factors 
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considered in this study were removed from the error mean square. The latter is a 
more appropriate estimate of heritability if corrections for these other variables are 
to be made before any selection is practiced. Milk lamb rate of gain from 50 to 90 
Ib., after maternal effect decreases in magnitude, appears to be highly heritable as 
indicated by the corrected heritability estimate of .44. 


29. YIELD AND COMPOSITION OF MILK FROM BRAHMAN AND HEREFORD 
HEIFERS AND COWS FED TWO LEVELS OF PROTEIN, AND THE COR- 
RELATED CALF GROWTH. J. R. Howes, J. F. Hentges, Jr., A. C. Warnick 
and T. J. Cunha, University of Florida, Gainesville. 


Twelve Hereford and twelve Brahman heifers were allocated at random into two 
treatment groups, which respectively received 100 and 50% of the N.R.C. recommended 
protein allowances. These two-year-olds were bred to bulls of their own breed over 
a 90-day period. At calving and subsequent 28-day intervals throughout the 8-month 
lactation the heifers were hand-milked twice during one day. The following year 
another group of 10 Hereford and 10 Brahman cows, all of whom had previously 
calved, were allocated to the same two treatments on the basis of the number of 
previous calvings. These cows were subjected to a similar breeding program and 
after calving were hand-milked as before. At each milking the cows and calves were 
weighed and the milk measured and sampled for analysis. In the heifer lactation the 
Brahmans significantly excelled the Herefords in milk yield, calf growth, milk protein, 
solids not fat, fat and total solids, an advantage which tended to disappear by the 
third month of lactation in all but calf growth and milk yield. The parous Brahmans 
did not have such a marked advantage over the Herefords, but the higher milking 
cows gave birth to heavier calves which grew faster. The 50% protein intake had more 
effect on the heifers than the cows in reducing milk yield, calf growth and dam 
weight at weaning. Calf growth and milk yield were correlated only during the 
earlier months of lactation. Milk ash was constant throughout the entire experiment. 


30. THE BLOOD VOLUME OF BRAHMAN AND HEREFORD CATTLE AS 
MEASURED BY RADIOACTIVE (I'!31) BOVINE SERUM ALBUMIN. J. R. 
Howes, J. F. Hentges, Jr. and J. P. Feaster, University of Florida, Gainesville. 


Twenty-four Hereford and twenty-four Brahman registered females, all of whom 
had been allocated at random into two groups and maintained for the previous two 
years on two dietary regimes, were used in this study. Twelve animals of each breed 
received a ration containing 100% of the N.R.C. recommended protein allowances, 
while the remainder received only 50%. The diets were otherwise similar. Twelve 
animals of each breed were four-year-old females, and the remainder were two-year- 
old heifers. Plasma volume measurements were made on all animals during the winter 
of 1958-59 and again on the 24 younger heifers in August 1959. The effect of age on 
plasma volume was estimated from the winter data and the effect of season obtained 
by comparing the data from the younger heifers. Plasma volume was measured by 
injecting a known amount of radioactive bovine R.I.S.A. intravenously and removing 
samples of blood at various intervals thereafter. Otherwise this new technique employed 
the same principles as used in plasma volume estimations with dye markers. Blood 
volume was calculated by applying hematocrit values. The older females possessed 
significantly more plasma, red cells and whole blood per unit of body weight. There 
were no significant differences between any of the three criteria for the two seasons. 
The Brahman cattle consistently had significantly more plasma, red cells and whole 
blood which could be an important factor in their greater ability to withstand heat 
stress. 
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31. EFFECTS OF EXCESS DIETARY MANGANESE UPON IRON METABOLISM 
IN THE RAT. Sam L. Hansard, Fred H. Hoskins, Betty D. Neeley and J. Barth, 
Louisiana State University, Baton Rouge. 


Radiochemical procedures were employed to study the interrelationships of various 
dietary protein, phosphorus and manganese levels upon iron absorption and utilization 
in 252 growing rats. Weight gains, hemoglobin, cell pack volume, tissue iron and total 
RBC iron uptake, as a function of days on ration, and time after radioiron administra- 
tion were investigated. Results of individual balance studies with animals indicated 
ingested radioiron absorption to increase as dietary phosphorus and protein levels 
increased. Manganese fed at levels of 500 or 1000 ppm depressed growth and iron 
absorption. Tissue iron and manganese concentrations reflected absorption values, 
and dietary treatments affected oral radioiron absorption more than I.P. utilization. 
Dietary protein and phosphorus levels appeared to have a greater and more rapid 
effect upon hemoglobin and CPV than did feeding excess manganese. Apparent normal 
iron uptake and transport was evidenced in animals receiving 9% protein, when 
phosphorus content approximated 0.2% of the ration. Excess dietary manganese added 
to low phosphorus diets drastically reduced iron utilization by RBC,.and progressively 
decreased tissue iron concentration in liver, spleen, kidney and femur. It is inferred 
by these results that manganese interference upon iron absorption is greater than 
upon utilization. 


32. IMMUNITY AGAINST THE CATTLE LUNGWORM. H. H. Vegors and J. T. 
Lucker, Animal Disease and Parasite Research Division, Agricultural Research 
Center, Beltsville, Maryland. 


Other investigators have reported that calves which have recovered from an initial 
infection with the cattle lungworm, Dictyocaulus viviparus, are highly resistant to 
reinfection with this parasite, and that immunity to this lungworm can be passively 
transferred. The present experiment was conducted to determine whether the admin- 
istration to calves of immune serum in combination with infective larvae might 
reduce the intensity of the initial infections and their clinical effects without affecting 
the development of a strong, active immunity. Each of six calves received 2,500 larvae. 
Four of these animals were also given 2.5 ml./lb. body wt. of serum from immune 
cattle. Contrary to expectations, the serum did not lessen the degree of these infections, 
as determined by fecal larval counts. Also, no benefit was observed clinically as a 
result of the serum administration. About 5%4 months after the first exposure, two of 
the calves which had received serum and laryae, the two which had received larvae 
only, and two previously unexposed control calves were each exposed to a challenge 
dose of 15,000 larvae. At necropsy 5 weeks later, the four “immunized” calves were 
found to have been highly resistant to reinfection. Evidence of natural immunity or 
variation in susceptibility to initial infection was indicated by the recovery of only a 
few worms of subnormai size from one of the challenge controls. 


33. EFFECT OF AN ANTHELMINTIC, RATE OF ANIMAL STOCKING, LEVEL 
OF PASTURE PRODUCTIVITY AND UTILIZATION UPON INTERNAL 
PARASITES INFESTATION IN HEREFORD YEARLING CATTLE GRAZ- 
ING ON COASTAL BERMUDAGRASS. N. W. Robinson, J. W. Patterson, C. R. 
Carter, J. J. Hamilton and D. M. Johns, North Louisiana Hill Farm Experiment 
Station and Ruston Diagnostic Laboratory, Homer. 


Groups of 14 Hereford yearling animals each were placed in pastures which were 
varied in size and levels of forage productivity. One-half of the animals in each 
pasture were drenched with Ruelene at the rate of 40 mg. per kg. of body weight at the 
beginning of the grazing period. Soil test values were established and fertilizers applied 
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to each pasture in quantities and on schedules estimated to be needed to produce an 
adequate supply of forage for the 149-day grazing period. Stocking rates ranged from 
1.4 to 4.5 animals per acre. Three wire cages were placed at random in a quality 
determination by chemical analyses. All animals were weighed and fecal samples taken 
at 28-day intervals. The treated animals were redrenched as the level of parasite 
infestation was found to be 100 eggs or more per gram of fecal material. A record of 
the number of parasite eggs by species was kept for each animal. One treated and 
one untreated animal from each pasture was necropsied, and total worm counts were 
made at the end of the grazing period. The treated animals in all pastures made better 
gains than the untreated animals, irrespective of stocking rates. Irrespective of the 
animal stocking rate, parasite egg infestation was in direct proportion to the rate of 
stocking, ranging up to 800 eggs per gram of fecal matter from the untreated animals. 
Also, excessive trampling and accumulation of fecal material were obvious factors in 
the limited utilization of the Coastal Bermudagrass in the higher stocked pastures. 
The adult and larvae parasite numbers found upon examination of the necropsied 
animals paralled the egg count results obtained on the treated and untreated animals. 
Ruelene was effective against all parasitic species found, namely; Haemonchus, 
Ostertagia, Trichostronglus, Stronglyloides, Oesphogustomun and Cooperia. According 
to the data obtained in this experiment, Coastal Bermudagrass at high levels of 
production cannot be effectively utilized by continuous grazing. 


34. EFFECTS OF CONTINUOUS DOSAGE OF PENICILLIN ON THE SEVERITY 
AND OCCURRENCE OF BLOAT IN STEERS GRAZING LADINO CLOVER. 
C. B. Shawver and L. W. Williams, Mississippi State University, State College. 


Steers used in this study had been designated as bloaters when grazed on Ladino 
clover. Continuous dosage of 200 mg. of procaine penicillin every other day was given 
by capsule to four steers for a 36-day interval. Four control steers grazed with the 
treated steers; occurrence and severity of bloat were recorded for all the steers. One 
treated steer died on the 19th day; all the control steers had died by that time. The 
severity of bloat was recorded when the animals were taken off of grazing (morning 
and afternoon) as O, B—, B, and B+, and these ratings were given a numerical value 
of 0, 1, 2, and 3, respectively. The highest rating four steers could have per day was 24. 
The protection, even though it was not perfect, was very good up to the 18th day, the 
highest rating being 8 on any one day. Then, for a period of 6 days, the severity 
increased to a high of 14 out of a possible 18, and then decreased until the 28th 
day to a rating of 3. From the 29th day until the treatment was terminated the 
severity increased from 3 to 13. The occurrence of bloat was decreased when steers 
were treated with penicillin. The control steers bloated 87 out of a possible 88 times, 
and the treated steers bloated 141 out of a possible 248. Upon evaluating the results 
of this study there was an indication that a resistance to penicillin may develop. 


35. INFLUENCE OF CERTAIN BEEF GRADES UPON CARCASS COMPOSI- 
TION AND YIELDS. J. W. Cole, L. E. Orme and R. N. Terrell, University of 
Tennessee, Knoxville. 


Data collected on 126 slaughter cattle were analyzed to estimate the relation of 
grade to yield of wholesale cuts and the physical and chemical composition of particular 
beef carcasses. The carcasses were representative of the following U.S.D.A. grades: 
prime (2), choice (23), good (46), standard (48) and utility (7). The average carcass 
weight was 246 lb. All were steer carcasses, with the exception of 9 heifer carcasses. 
When based upon carcass weight, inverse linear relationships were found between 
grade and the following yields: percent of preferred cuts, which included the round, 
loin and rib, (prime, 44.3; choice, 46.6; good, 48.0; standard, 49.2; and utility 50.4), 
percent of physically separated carcass lean (prime, 48.4; choice, 50.8; good, 56.1; 
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standard, 59.6; and utility, 63.0), and percent carcass bone (prime, 10.3; choice, 13.2; 
good, 14.9; standard, 17.1; and utility, 17.9). The percent of fat, as separated 
physically, showed a positive linear relationship with grade (prime, 41.3; choice, 35.9; 
good, 29.0; standard, 23.4; and utility, 19.1). 


36. SOME FACTORS INFLUENCING THE WEIGHT AND GRADE OF BEEF 
BULLS. T. J. Marlowe, R. J. Freund and J. B. Graham, Virginia Agricultural 
Experiment Station, Blacksburg. 


Weights, grades and condition scores were recorded on 438 young (12-24 mo.) and 
507 mature (2-11 yr.) Angus and Hereford bulls. Least squares estimates of the 
effects of breed, age, and condition score on weight and grade were calculated. All 
factors studied had a highly significant influence on both weight and grade. Average 
increase in weight per month of age was about 45 lb. from 12-16 mo.; 20 Ib. from 
17 to 36 mo.; 10 lb. from 37-48 mo.; with little change thereafter. Approximately 
one-half of the mature weight had been reached by 12 months of age. Adjusted 
average weights for 12-month-old and mature bulls were 741 and 1425 lb. for Angus 
and 776 and 1496 lb. for Herefords, respectively. Corresponding grades were 12.4, 
13.7, 12.1 anc 13.4. Grades increased significantly (12.4-13.3) from 12 to 24 months 
but not consistently with older bulls. A unit change in flesh condition (scored from 
1 to 5 for very thin to fat) had a significant effect on grade even though a conscious 
effort had been made to discount it when each bull was graded. Very thin bulls 
graded about 2/3 of a grade, or 2 grade points, lower and fat bulls about % of a 
grade, or 1.5 grade points, higher than bulls in average flesh condition. 





NEWS AND NOTES 


Meeting of the American Society of Animal Production. The 52nd annual meeting 
will be held at the Hotel Sherman, Chicago, Friday and Saturday, November 25 and 
26, 1960. Members will be sent a questionnaire in June regarding papers. Titles of 
papers are to be submitted to the secretary’s office by July 20, and abstracts are to 
be submitted by August 15. Authors of papers must be members of the Society, but 
assocciate authors may be non-members. 


Nominations for the following awards are due in the office of the Secretary- 
Treasurer by June 15, 1960: 


Morrison Award—J. Animal Sci. 11(4) 807-809. Established by Professor and 
Mrs. F. B. Morrison to annually honor a member who has done outstanding recent 
research of direct importance in livestock production. The award is $1500, a gold 
watch and a scroll. 


American Feed Manufacturers Award—J. Animal Sci. 7(2) 257-258. Established by 
the American Feed Manufacturers’ Association to honor a member affiliated with a 
public institution for outstanding livestock nutrition research work, the results of 
which have been published during the three years immediately preceding the year of 
recognition. The award is $1,000 and a scroll. 


American Society of Animal Production Extension Award—J. Animal Sci. 18(2) 
855-857. Established by the Society to recognize outstanding achievement in Animal 
Husbandry Extension. Chas. Pfizer & Co., Inc. awards $1,000 to the recipient. 


Distinguished Teacher Award of the American Society of Animal Production—J. 
Animal Sci. 19(1) 309-313. Established by the Society to recognize Distinguished 
Undergraduate Teachers in Animal Husbandry. Swift and Company awards $1,000 
and a plaque to the recipient. 


Fellows of the American Society of Animal Production—J. Animal Sci. 18(2) 858. 
Established by the Society to honor members who have rendered distinguished service 
to the field of Animal Husbandry over a period of at least 25 years. Five categories 
are recognized: 1. Teaching 2. Extension 3. Research 4. Administration 5. Industry. 
The award consists of a life membership in the Society and a plaque. 


The Western Section of the Society will hold its annual meeting at Utah State Uni- 
versity, Logan, June 23, 24, 25. Beginning 9:00 A.M. the first day, the meeting will 
probably be concluded by noon on the last day.” 


The North Atlantic Section of the Society will meet at the University of Massa- 
chusetts, Amherst, August 23-24, 1960. 


Growth; Molecule, Cell and Organism. An international symposium on growth 
will be held June 16, 17, and 18 at Purdue University, Lafayette, Indiana. Some 33 
speakers from six nations will discuss basic questions of growth at the levels of the 
molecule, the cell and the organism. A unified program will be held the first two 
days and will be concerned with fundamental chemical and physiological aspects of 
growth. On the third day there will run concurrently three sectional programs 
concerned with animal growth, microbial growth, and with plant growth and plant- 
soil interaction. Occasion for the symposium is the dedication of Purdue’s new 
$11-million Life Science Building. 

Among the specific subjects to be discussed are Macromolecules and Natural 
Selection; Protein Synthesis; The Plan of Cellular Reproduction; Mammalian Cell 
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Growth in Tissue Culture; The Role of Ribonucleic Acid and—SH Groups in 
Morphogenesis. Also, The Plant Tumor Problem and its Relation to Neoplastic Growth ; 
Vitamins, Antibiotics, and Growth; Growth in Size and Body Proportions of Farm 
Animals; Pituitary Gland and Growth; Repression and Regulation of Metabolism, and 
related subjects. Other discussion topics are Plant Root-Soil Interactions; Light and 
Temperature Effects on Plant Growth; Analysis of Plant Responses to Environmental 
Factors; Soil Physical Conditions Affecting Plant Growth; and Changes with Aging. 

For further information address, Dr. M. X. Zarrow, Department of Biological 
Sciences, Life Science Building, Purdue University, Lafayette, Indiana. 


The Maryland Agricultural Experiment Station recently received a $100,000 grant 
for special research in the field of animal husbandry from the Wye Plantation Interests. 
The Wye Plantation has received national recognition for its progressive breeding 
practices and for its fine herd of Aberdeen Angus beef cattle. 


James S. Brinks, who recently completed his work for a Ph.D. degree in Animal 
Genetics at Iowa State University, assumed his duties as Geneticist in the Beef 
Cattle Research Branch of the USDA located at Denver, Colorado, on January 29, 
1960. 


Joe L. Evans, native of Kentucky, was appointed Assistant Professor of Nutrition 
in the Department of Dairy Science at Rutgers University, September 1959. Dr. Evans 
received his Ph.D. degree from the University of Florida. 


Charles L. Plummer, Jr. was appointed Extension Veterinarian, January 1, 1960— 
headquarters at Gainesville, Florida. Dr. Plummer is a native of Florida and received 
his D.V.M. degree at Auburn University. 


Morris L. Hemstrom went to Moscow, Idaho, November 1, 1959, as Extension 
Animal Husbandman. He served on the Nebraska Extension staff prior to this. 


Max D. Judge was appointed Extension Animal Husbandman; headquarters at 
Lafayette, Indiana, October 1, 1959. He operated the Swine Evaluation Station at 
Purdue until his appointment to the Extension staff. 


Leo E. Lucas, who received his Ph.D. degree from Oklahoma State University, 
become Extension Animal Husbandman, Lincoln, Nebraska, December 1, 1959. 


Dave C. Williams, Jr. was appointed Extension Animal Husbandman, Lincoln, 
Nebraska, January 1, 1960. He is a native of Oklahoma, received his B.S. degree 
from Oklahoma State University, and served that state as assistant county agent for 
five years. 


Stanley J. Bromwell, Extension Animal Husbandman, New York (Cornell), retired 
December 31, 1959, after 30 years with the Extension Service. 


Delwyn Dearborn, appointed as Extension Animal Husbandman, Rapid City, South 
Dakota, December 1, 1959. He has served two years as county agent, and will work 
in the western part of the state. 


Henry H. Dickenson, Jr., Extension Animal Husbandman in Virginia, resigned 
January 16, 1960, to accept the position of Eastern States Field Representative for 
the American Hereford Journal. 


Charles R. Cooper, Extension Animal Husbandman, Virginia, resigned January 1, 
1960. 


Arden N. Huff, Extension Animal Husbandman, Virginia, returned to duty January 
1, 1960, after an extended leave of absence. 
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Dean and Director Frank J. Welch, of the Kentucky station, has informed us that 
effective July 1, the College of Agriculture and Home Economics, University of 


Kentucky, will have three new departments—Animal Husbandry, Dairy Science, and ~ 


Poultry Science, with W. P. Garrigus Head of the Department of Animal Husbandry, 
D. W. Seath Head of the Department of Dairy Science, and W. M. Insko, Jr. Head 
of the Department of Poultry Science. 


Damon V. Catron has resigned, effective May 1, as Professor in charge of Swine 
Nutrition at Iowa State University. He has accepted a position as Vice President of © 
the Walnut Grove Products Company of Atlantic, Iowa, in charge of research and © 
sales. 


Roland Norman has been appointed Associate Professor and Head of the Depart- 


ment of Animal Science at Tennessee A and I State University, Nashville, Tennessee, ~ 


where he has been a member of the Department since 1955. Dr. Norman received 
his B.S., and Ph.D. degrees from Cornell. 


James P. Everrett has recently joined the staff of the Department of Animal 
Industry, North Carolina State College. His research responsibilities will be in the 
area of roughage utilization by dairy cattle. He will soon have completed work for 
his Ph.D. degree at the Michigan State University. 


Beef Cattle (fifth edition) by the late Roscoe R. Snapp and A. L. Neumann; 683 
pages; $8.50; John Wiley & Sons, Inc., New York and London, 1960. The material in 
this Fifth Edition of a well-known textbook is skillfully divided into five parts bearing 
the headings, General Aspects of the Beef Cattle Industry, The Commercial Cow and 
Calf Program, The Stocker and Finishing Programs, Specialized Beef Cattle Programs, 
and Special Problems in Beef Production. It contains numerous illustrations and 
tables of the results of feeding trials of particular value in teaching lower division 
courses dealing with beef cattle production. There is a short appendix containing data 
from the National Research Council bulletin on nutrient requirements of beef cattle. 
In the last 2 of the 30 chapters brief description is given of some of the common 
diseases and ailments of beef cattle, some common poisonous plants, and external 
parasites. Sections in the earlier edition dealing with hormones and antibiotics have 
been revised and enlarged in keeping with current progress in research on these 
subjects, and discussion of feed preparation such as pelleting and soilage has been 
expanded. Likewise, additional discussion is given to rumen function and the im- 
portance of rumen microorganisms. Minimum space has been given to fitting cattle for 
show or sale. 




















INFORMATION FOR CONTRIBUTORS 


1.Papers may be submitted reporting’ work whose ultimate objective ‘is clearly 
the solution of a livestock production problem and)-whose contents should 
be of interest particularly to those dealing with livestock production problems. 
Review papers on subjects of general interest will also be published at intervals, 
and will be prepared on invitation by the Editorial Board. 


2. All papers will be subject to critical review by the Editoral’Board, or others 
designated by the Editor. Papers needing revision will be returned to authors 
and should be revised and returned promptly. Papers not suitable for publica- 
tion will be returned to authors with a statement of reasons for not accepting 
them. 


“| \3, Papers submitted should be based on new and adequate information. Consult 
a recent issue for style and form. The following are guides: 


(a) Manuscripts must be typed, double-spaced and the ribbon copy submitted. 
Submission of two copies (one carbon) will facilitate review, 


(b) All pages, including those of tables and legends, must be. numbered. The 
lines of the text, but not of tabular material or “Literature Cited”, must be 


numbered in the left margin, beginning with one at the top of each page. 


(c) Tables should be as few and as simple as is feasible for presentation of 
the essential data. Each cable should be on a separate sheet. 


(d) Legend for each figure should be typed on a separate sheet. Photographs 
should be carefully prepared and labeled. Magnification of photomicrographs 
should be indicated on legends. Charts should be prepared in India ink. Typed 
material on charts is not acceptable. Material that will not reproduce satisfac- 
torily will be returned for revision. For suggestions on preparing illustrative 
material see the “Style Brief” published by the Wistar Institute Press, Philadel- 
phia. If in doubt, consult the Editor before putting material in finished form. 


(e). The introduction. should consist only of a paragraph indicating very briefly 
the nature of the question asked and the reason for asking it. Reference to 
relevant literature should be made later’ in the discussion of the results, Concise 
presentation of data is desired and there should be evidence of statistical exami- 
nation wherever obviously useful in the interpretation. Unsupported hypotheses 
should be avoided. The organization of a. manuscript may vary with the nature 
of the material, but all manuscripts should contain a clear statement of applica- 
tion of the results or their relation to some problem of the livestock industry. 
Each paper should end with a brief summary in the form of an abstract con- 
taining the most pertinent data in the briefest possible form. - 


(f) Literature citations must’ be listed in alphabetical order and should be 
referred to in the text by author and date, i.e., Castle (1924), or (Castle, 1924). 
Citations may be referred to by number in review articles where the number 
of citations is too great to permit convenient use of the above form. “Literature 
cited” lists should be typed in a style used in a current issue of the Jourwat, 


4. Manuscripts will be edited in the order received, and accepted papers will be 
published as nearly in this order as feasible. 





5. There will be a charge for making engravings in excess of one page per paper — 
and of printing tables in excess of two pages per paper. The author will be / 
asked. when his manuscript is accepted to indicate the institution, agency or i 
individual that will assume responsibility for the charges and for the reprints 
ordered at that time. i 

6. Authors will receive galley proof of articles together with a form for supplying bi 
an abstract for “Biological Abstracts.” Corrected proof and abstract should - 
be mailed to the Editor within three days after they are received. Failure to 
do this may result in delay of publication until the next issue. 

7.One author of each manuscript should be a member of the Society. Papers by 
non-members can be published only after approval by the Executive Committee i x 


8.A “News and Notes” section will be published in each issue,, including Society 
announcements, changes in positions and other items of professional interest: | 
to members. All such-items should be sent promptly to the Editor. Ce 


9. Abstracts of papers to be presented at the annual meetings of the Society will, | 
be published in the November issue. Such abstracts must not exceed 250 7 
words in length, should be typed (double spaced) and the ribbon copy sub- / a 
mitted, the lines on the page should be numbered, in the left margin, from | 
top to bottom, and must be in the hands of the Secretary of the Society « 
by August 15, preceding the meeting. These abstracts must be summaries of * “i 
results and conclusions. ‘a 


10. Presentation of a paper at the annual meeting does not exclude it from | 
publication in complete form in the Journar. Such papers may be submitted | 
to the Editor and will be given equal consideration with others. submitted. 


11. All manuscripts and correspondence concerning them should be addresed to | 
the Editor: W. D. Gallup, Department of Biochemistry, Oklahoma State Uni- © 
versity, Stillwater, Oklahoma, or to the publisher: Boyd Printing Company, Inc, 
49 Sheridan Ave., Albany 10, N. Y. 


12. All correspondence concerning subscriptions to the JouRNAL or ANIMAL | 
Screwce and other business matters should be addressed to the Business — 
Manager, C. E. Terrill, Animal Husbandry Research Division, Agricultural 
Research Center, Beltsville, Maryland, or to the publishers, Boyd Printing | 
Company, Inc., 49 Sheridan Avenue, Albany 10, N. Y. iy 
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